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Stephenson Boulevard, New Rochelle, N. Y., July 8, 1924. 


. 6é bB] 
Taking the D seen Stephenson Boulevard, New Rochelle, N. Y., 
out of “Detour” — 


Tarvia-built, July 10, 1924. 


ETOUR! To motorists it stands for a dis- 
agreeable, round-about, time-wasting trip. 


To merchants it often means serious loss of business. Tarvia 


Service 
While occasionally detours are unavoidable, Chapter XII 


they should be of short duration only. 


Tarvia solves this paving problem satisfactorily 
for all concerned. For a Tarvia road can be laid 
so quickly that detours are short-lived. No ex- 
tended periods of conditioning after Tarvia con- 
struction. No long waiting before the new pave- 
ment can be opened to trafhc. 


When a Tarvia road is “down,”’ it’s “‘open.” 


The Bigatti Company 
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sal 9 Cleveland Pittsburgh 
7 +" i Kansas City +e ol Dallas 
f Minneapolis Salt Lake City Bethlehem Lebanon 
" Youngstown Milwaukee Toledo Columbus 
Baltimore Syracuse New Orleans Rochester 


for IM Construction ened on — 
Repair and Maintenance 146 BARRETT COMPANY, Limited 


Montreal Toronto St. John, N. B. 
Winnipeg Vancouver Halifax, N. S. 
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—Air Compressors 


—aAsphalt Plant, Port- 
able 


—aAsphalt Plant, Rail- 
road 


—Asphalt Tools 
—aAsphalt Tool Wagon 


—Bar Cutters and 
Benders 


—Bars, Reinforcing 
—Bins, Portable Stone 
—Bodies, Dump Truck 
—Brick Rattlers 
—Catch Basin Covers 


—Cement Testing Ma- 
chinery 


—Clam Shell Buckets 
—Contraction Joint 
—Cranes, Locomotive 
—Crushers, Stone 
—Drag Scrapers 


—Dragline Cableway 
Excavator 


—Dump Cars 


—Dump Wagons 

















Service 


—Excavator, Crane 
—Elevating Graders 
—Gasoline Locomotives 
—Gravel Screener 
—Heaters, Asphalt 
—Heaters, Tar 
—Hoisting Engines 
—Industrial Cars 
—Industrial Track 
—Manhole Covers 
—Mixers, Building 
—Mixers, Hot 
—Mixers, Paving 


—Motor Trucks (1-3 
tons) 


—Motor Trucks (over 8 
tons) 


—Oil Distributors 
—Portable Conveyor 
—Portable Drilling 
Rigs 
—Pile Drivers 
—Pumps 
—Reinforcing Steel 
—Road Drags 
—Road Forms 


| Highway Construction Equipment 


If in the market for any of the following highway construction 
equipment, so indicate by check marks, mail this page to Municipal 
and County Engineering, 702 Wulsin Building, Indianapolis, and 
price quotations and descriptive literature will be forwarded to you. 


—Road Graders 
—Road Mesh 
—Road Planes 
—Road Plows 
—Road Rollers 
—Road Scrapers 
—Sand Dryers 
—Saw Rigs 
—Scarifiers 
—Scrapers, Power 
—Sheet Piling, Steel 
—Skimmer, Scoop 
—Steam Shovels 
—Stone Elevators 
—Stone Screens 
—Stone Spreaders 
—Surface Heaters 
—Tampers, Road 
—tTractors 
—tTrailers 
—Turntables 
—Unloaders, Car 
—Wagon Loader 
—Wheeled Scrapers 


—Wire Mesh 
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Clearing the 
streets at 
Washington, 
D. €. 


The Fordson powered shovel replaced 20 men 


MUNICIPAL AND COUNTY ENGINEERING 


The rotary brush sweeps snow from 
sidewalks, streets and skating rinks 


Prepare for Blizzards 


HE splendid success which many by 
American cities have had with Ford- 
son equipment for clearing streets and 
sidewalks, after heavy snows, has won 
the endorsement of users everywhere. 


Fordson powered graders 
or V-shape snow plows 
quickly open drifted 
streets for vehicular traf- 
fic. Sidewalks and street 
crossings are kept clean 


brushes. 


Fordsons 








FORDSON TRACTOR 


$495 


F. o. b. Detroit 








equipped with rotary 


The unrivalled economy and reliabil- 
ity of the Fordson is particularly well 
shown in actual performance on work 


of this character. 
Authorized Ford Dealers 


are ready to demonstrate 
the efficiency of Fordson 
snow removal equipment. 
There is no obligation. 


CARS -TRUCKS- TRACTORS 
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Aerial Tramways. 
American Steel & Wir: Co. 


Air Lift Pumps. 
Harris Air 5. 


Armor Plates. 
Truscon Stee] Jo. 


Asphalt. 
Bitoslag Paving Co. 
The Barrett Co. 
Kentucky Rock Asphalt Co. 
Pioneer Asphalt Co. 
Standard Oil Co. (Indiana) 
The Texas Co. 
Uvalde Asphalt Paving Co. 
Warren Asphalt Paving Co., The 


Asphalt Filler. 
The Barrett Co. 
Bitoslag Paving Co. 
Standard Oil Co. (Indiana) 
The Texas Co. 
Warren Bros, Co. 


Asphalt Floors. 
The Barrett Co. 
The Texas Co, 
Warren Bros, Co. 


Asphalt Machinery 
Chausse Oil Selner Co. 
Cummer & Son Co., The F. D. 


Asphalt Plants. 
Austin Machinery Corporation. 
Cummer & Son Co., The F. D. 
Littleford Brothers. 
Warren Bros. Co, 


Asphalt Railroad Plants 
Cummer & Son Co., The F. D. 
Warren Bros. Co. 


halt Tools, 

ausse Oil Burner Co. 
Littleford Brothers. 
Warren Bros, Co, 


Asphalt Tool Wagons. 
Chausse Oil Burner Co. 
Littleford Brothers. 


Auto Fire Apparatus. 
Kissel Motor Car Co. 
International Motor Co. 
Pierce-Arrow Motor Car Co. 


Automobiles. 
Ford Motor Co. 


Back Fillers, 
Austin Machinery Corporation. 
Pawling & Harnischfeger. 


Bar Cutters and Benders. 
Koehring Co. 


Bars, Reinforcing. 
Truscon Steel Co. 


Binders, Road. 
The Barrett Co. 
Pioneer Asphalt Co. 
Standard Oil Co. (Indiana) 
The Texas Co. 
Uvalde Asphalt Paving Co. 
Warren Bros, Co. 


Bitulithic Pavements. 
Warren Bros. Co. 
Blasting Accessories. 
BE. I. du Pont de Nemours & Co., 
Inc. 
Dieting Powder. 
=> du Pont de Nemours & Co., 
ne, 


Bodies. 


Lee Trailer and Body Co. 
Littleford Brothers, 


Braces, Extensi 
Kalamazoo Fay, & Machine Co. 


Brick Rattlers. 
Olsen & Co., Tinius. 


Brick-Testing Machinery. 
Tinius Olsen Testing Mach. Co. 


Brick, Paving. 
National Paving Brick Mfrs. 
Assn, 


Bridges. 
ieten, Daniel B. 


Buckets, Dredging, Excavating 
and Sewer. 
Pawling & Harnischfeger. 


Buckets, Dumping 
Littleford Brothers. 
Pawling & Harnischfeger 


Cableway Accessories. 
Sauerman Bros, 


Cableway Excavators. 
Sauerman Bros. 


Calculators. 
Kolesch & Co. 


Car Unloaders. 
Austin Machinery Corporation. 
Heltzel Steel Form & Iron Co. 


Castings. 
U. S. Cast Iron Pipe & Fdy. Co 


Cast Iron Pipe. 
U. 8. Cast Iron Pipe & Fdy. Co. 


Cities, 
Dee Co., Wm. B. 
Madison Foundry Co. 


Cement Gun Work. 
Indiana Gunite & Const. Co. 


Cement Testing. 
Chicago Paving Laboratory. 
Flood & Co., Walter H. 
Howard, J. W. 
Hunt Co., Robert W. 
Indianapolis Paving Laboratory. 
Van Trump, Isaac. 


Cement Testing Machinery. 
Tinius Olsen Testing Mach. Co. 


Central Heating Plants. 
American District Steam Co. 


Chemists, Engineering 
Chicago Paving Laboratory. 
Dow & Smith. 
Flood & Co., Walter H. 
Howard, Ww. 
Hunt Co., Robert w. 
Indianapolis Paving Laboratory. 
Van Trump, Isaac. 


Chimneys, Concrete. 
Truscon Steel Co. 


Chimneys, Steel. 
Littleford Brothers. 


Chloride of Lime. 
Pennsylvania Salt Mfg. Co. 


Clay Pipe, Vitrified. 
Clay Products Assn. 


Clay Products. 
Clay Products Assn. 


Concrete Bridges. 
Luten, Daniel B. 


Concrete Mixers. 
Austin Machinery Corporation. 
Koehring Co. 
Smith Co., T. L., The 


Concrete, Reinforcement, 
American Steel & Wire Co. 
Truscon Steel Co. 

Conduits. 

Cannelton Sewer Pipe Co. 

Carey Co., Philip, The. 
osing, Inc., Astrid 8. 
ruscon 8teel Co. 


Conduit Rods. 
Stewart, W. H. 


Consulting Engineers. 
Alvord, Burdick & Howson. 
Artingstall, Wm. 
Brossman, Chas, 
Burd & Giffels. 
Chicago Paving Laboratory. 
City Wastes Disposal Co. 
Dow & Smith. 
Druar & Milinowski, 
Flood, Walter H., & Co 
Howard, J. W. 
Hunt Co., Robert W. 
Indianapolis Paving Laboratory. 
Jones, Sam 
Kirchoffer, W. G. 
Kirschbraun, Lester. 
Luten, Daniel B 
Potter, Alexander. 
Varn Trump, Isaac. 
Wells, James P. 


Contractors. 
City Wastes Disposal Co. 
Sullivan, Long & Hagerty. 
Warren Bros. Co. 


Contractors’ Tools and Machinery. 
Austin Machinery Corporation. 
Austin-Western Road Machinery 


Co. 
Good Roads Machinery Co., Inc. 
Smith Co., T. L., The 


Contractors’ Wagons. 
Austin Machinery Corporation. 
oe Road Machinery 
oO. 


Conveying Machinery. 
Mead-Morrison Mfg. Co. 
Pawling & Harnischfeger. 
Portable Machinery Co., Inc. 
Webster Mfg. Co. 


Cranes and Heists. 
Austin Machinery Corporation. 
Heltzel Steel Form & Iron Co. 
Pawling & Harnischfeger. 


Creosote. 
The Barrett Co. 
Republic Creosoting Co. 


Creosoted Wood Block. 
(Factory Floors, Bridge Floors) 
Republic Creosoting Co. 


Crushers, Rock and Ore. 
Austin-Western Road Machinery 


Co. 
Good Roads Machinery Co., Inc. 


Culvert Pipe, Vitrified. 
Cannelton Pipe Co. 
Dee Clay Mfg. Co., Wm. B. 


Culverts. 
Austin-Western Road Machinery 


Newport Culvert Oe. 
Truscon Steel Co. 


Curb and Gutter Forms, 
Heltzel Steel Form & Iron Oo. 
Truscon Steel Co. 


Curb Bar. 
Truscon Steel Co. 








Dec., 1925 MUNICIPAL AND COUNTY ENGINEERING 





MURPHYSBORO PAVING BRICK COMPANY 
Equal to SEGYPTIAN’”’ BLOCK Surpassed 


the Best by None 
MURPHYSBORO, ILLS. 
PROMPT DELIVERIES. LET US QUOTE YOU PRICES. 


_ 



































SLUICE GATES 
Sheer, Flap and Butterfly Valves 


canes — BRACE MADE FLEXIBLE JOINTS 
KALAMAZOO FRY & MACHINE Co. COLDWELL-WILCOX CO. 








WM. E. DEE COMPANY STEWART SEWER 
30 North LaSalle St. | CHICAGO, ILL. CLEANING MACHINE 


Sa Water Cleaning System, if you wish it 
D econ head or Drag Bucket type. 
Rattle or Dish. Also have TURBINE SEWER CLEANING 
MACHINE at Low Price. 
Full Line of MANHOLE WE WILL PAY FREIGHT AND CHARGE TO BILL. 
and We Ship Rods for Trial—whe else will de this? 
CATCH BASIN COVERS We also make a Rod that will float. Alse Rods 
Potent Paver 965163-1177850 of all kinds. with wheels fer conduit werk. 


WRITE FOR OUR PRICES 








CUT that NEXT JOB with a 


STRICKLER aes 
Ratchet Pipe Cutter pm. aii RODS 


Cuts either Cast or Ne Deep Shoulder Cut for Couplings. Rods re- 
Steel pipe. Cuts a tain full size and strength. 


channel in the pipe Investigate our JUMBO ROD 
same as a lathe cut. 


Each size cuts a range of Ww. H . ST EWA RT 


sizes. Catalog on request. 1614 Locust Street . . st. Louis, MO. 
129 G Street . . BOSTON, MASS. 
W. W. STRICKLER eorge Stree 


CANADA FACTORY, WALKERVILLE, ONT. 
& BROS. Therefore Ne Duty fer Purchaser te Pay. 


COLUMBUS, OHIO. PACIFIC COAST DELIVERIES MADE FROM SAN FRANCISCO. 














SUBSCRIBE FOR 


Municipal and County Engineering 
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READ AND PRESERVE EACH ISSUE 
Two Dollars Per Year in the United States 
Engineering Publishing Co. 


222 East Ohio Street Indianapolis, Indiana 
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Deep Well Pumps. 
Harris Air Pump Co. 
Keystone Driller Co, 


Drag-Line Excavators. 
Austin Machinery Corporation. 


< Scrapers. 
“tn-Western Road Machinery 
wa. 


Drain Tile. 
Dee Clay Mfg. Co., W. B. 
Rosing, Inc., Astrid 8. 


Dryers. 
Cummer & Son, The F. D. 


Dump Cars. 
nae Road Machinery 


Dump Wagons. 
ce weere Road Machinery 


Dust Laying A yao 
The Barrett Co. 
Standard oll Co. (Indiana) 
The Texas Co. 


Dynamite. 
=s du Pont de Nemours & Co., 
ne, 


Edge Protector. 
Truscon Steel Co. 


Electrical Machine “yo 
Westinghouse Eléctric & Mfg. 


Electrical Wires & Cables. 
American Steel & Wire Co. 


Elevating Graders. 
Austin-Western Road Machinery 


Excavating t. 4 
Austin Machinery rp. 


Pawling & Harnischfeger. 
Sauerman Bros, 
Smith Co., T. L., The 


Expansion Joint 6 Compouns. 
The Barrett 
Carey Co., Philip, The 
Pioneer Asphalt t Co, 
Truscon Steel Co. 


Explosives. 
a du Pont de Nemours & OCo., 


Fillers Saute Joint). 
The Barrett Co. 
Carey Co., t nilip, The 
gad Asphal t Co. 
The Texas Co. 


Fire ane 
Cannelton Sewer Pipe Co. 
Dee Clay Mfg. Co., W. EB. 


Flue Liners.. 
Cannelton Sewer Pipe Co. 
Dee Clay Mfg. Co., W. BB. 


Forms, Sidewalks, Curb & Gutter. 
Heltzel Steel Form & Iron Co. 
Truscon Steel Co. 


rms, Road. 
Heltzel Steel Form & Iron Ce. 
Truscon Bteel Co. 


Gas Pipe. 
U. 8. Cast Iron Pipe & Fdy. Co. 


Gates, 8 
Cerbcom Wilcox Co. 


Graders. 
Austin-Western Road Machinery 


Granite Block. 
Granite any | Block Mfrs. 
Assen. of th Tuc. 


Gunite, 
Indiana Gunite & Const. Co. 


Heaters (Rock and Sand). 
Littleford Bros. 


Heating Plants, Central. 
American District Steam Co. 


Heating Wagons (Oil and Tar). 
Good Roads Machinery Co., Inc. 
Littleford Bros. 


ete (Concrete, Gasoline and 


Pawling & Harnischfeger. 


Hoists, Electric. 
Mead-Morrison Mfg. Co. 
Pawling & Harnischfeger. 


ee, om. 
Cc. H. E. Mfg. Co. 
Mead- Fat. Mfg. Co. 


Hot Mixers. 
Austin Machinery Corp. 


Inlets (Sewer). 
Dee Co., Wm. BE. 
Madison Foundry Co. 


Insulating Material. 
The Barrett Co. 
Pioneer Asphalt Co. 


Joint Fillers (Paving). 
The Barrett Co. 
Carey Co., Philip, The. 
The Texas Company. 


Kettles (Portable). 
Cummer & Son Co., The F. D. 
Good Roads Machinery Oo., Ine. 
Littleford Brothers. 


Manhole Covers. 
Madison Foundry Co. 
Dee Co., Wm. EB. 


Mastic. 
The Barrett Co. 
Pioneer Asphalt Co. 


Meter Boxes. 
McNutt Meter Box Co. 


Mixers, halt. 
Austin Machinery Corporation. 
Cummer & Sons Co., The F. D. 


Mixers, Concrete. 
Austin Machinery Corp. 
Koehring Co. 
T. L. Smith Co. 


Motor Fire Appara 
Duplex Truck Co. 
Federal Motor Truck Co. 
Garford Motor Truck Co. 
International Motor Ce. 
Kissel Motor Car Co. 
Pierce-Arrow Motor Car Co. 


Motor Trucks. 
Duplex Truck Co. 
Federal Motor Truck Co. 
Ford Motor Co. 
International Motor Coe. 
Kissel Motor Car Co. 
Pierce-Arrow Motor Car Co, 


Motor Truck Flushers, Sprinklers, 
and Oilers. 
Acme Motor Truck Co. 
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Austin Machinery Corporation. 

Duplex Truck Co. 

Federal Motor Truck Co. 

Garford Motor Truck Co. 

The Gramm-Bernstein Motor 
Truck Co. 

International Motor Co, 

Kissel Motor Car Co. 

Pierce-Arrow Motor Car Co. 


a me Castings. 
Dee Co., Wm. E, 
Madison } 99 


Packing. 
Pioneer Asphalt Co. 


Paints ( halt). 
Barrett , The 
Pioneer Asphalt Co. 


Paving Blocks (Creosoted). 
The Barrett Co. 
Republic Creosoting Co. 


Paving Brick. 
Murpysboro Paving Brick Co. 
National Paving Brick Mfra. 


Paving Guypvesten. 
Warren Bros. Co. 


Paving Joint Compound. 
The Barrett Co. 
Carey Co., Philip, The 
yreaser Asphalt Co. 
The Texas Company. 


Paving Joint Filler. 
The Barrett Co. 
Carey Co., an The. 
Pioneer Asph alt Co. 
The Texas Company. 


Paving Machines, 

Austin oe 
Cummer & Son A 
East Iron & Machine Co., The 

Warren Bros. 


Paving Plante (Asphalt). 
rm % Machinery Corporation. 
Cummer & Son., The F. D. 
Bast Iron & Machine Co., The 
Good Roads Machinery Co., Inc. 
Smith Co., T. L., The 
Warren Bros. Co. 


Pipe Cutters. 
W. W. Strickler & Bros. 


Pipe Dip and Coatings. 
The Barrett Co. 
Pioneer Asphalt Co. 
The Texas Co. 


Pipe Manufacturers. 
U. 8. Cast Iron Pipe & Fay. Co. 


Pitch Filler. 


The Barrett Co. 
Warren Bros. Co. 


Plows (Rooter and weg e 
Austin: Western Road och. Co. 
Portable Paving Piants. 
Austin Machinery Corporation. 
Cummer & Son Co., The F. D. 
food Roads Machinery Co., Inc 


Go 
Littleford Brothers, 
Warren Bros. Co, 


Portable Stone Bins. 
 “thatmemes Road Machinery 
Good Roads Machinery Coeo., Ine. 


a ey (Blasting). 
== du Pont de Nemours & Ce.. 
ne. 
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CAST IRON PIPE 
and FITTINGS | 


ALL ALL 
TYPES SIZES 




























High Grade 
Castings 





High Grade Municipal Cast- 
ings to suit the requirements 
of all cities and towns. 


CASTINGS | 
| 


To Engineers’ Designs 


Sewer inlets, catch basin 
covers, curb inlet basins, 
corner guards, drainage in- 
lets, gutter frames and lids, 
gutter inlets, manhole 
frames and lids, meter box- 
es, pipe pushing machines, 
sewer tile grating, water 
meter yokes, ornamental 
lamp posts, traffic signs, etc. 





United States Cast Iron 
Pipe & Foundry Co. 


Burlington, N. J. 


Marion Machine, 
Foundry € Supply Co. 


Marion, Ind. 

















af Downie Deep Well Pumps 
are offered for Heavy, Con- 
tinuous Service in Deep Ar- 
tesian Wells” They are built 
in Double and Single 
Stroke Models and may 
ibe Steam Driven, Belted, 
Direct Geared to Motor, 
or equipped for any 
other standard form of 


Seo 
drive. 













The ideal brick pavement filler. Made 
to meet the strictest specifications. 
Low prices and immediate delivery 
on any quantity. 


“PIONEER” 


Every monolithic pavement should 
have an Expansion Joint. “‘Pioneer” 
is made from an absolutely pure as- 
phalt, giving maximum expansion and 
contraction efficiency. 


BRS Re 









Smaller Pumps for 
lighter service. 





Catalog No. 6 on request. 


Downie Centrifugals, single and multi- 
stage, Catalog 801. 









| Expansion Joint 
| THE PIONEER ASPHALT CO. 


| 
| LAWRENCEVILLE, ILL. 
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Pumps. 
Harris Air Pump Company. 
Keystone Driller Oo. 
Smith Co., T. L., The 


Reinforcing For Pavements. 
American Steel and Wire Co. 
Truscon Steel Co. 


Road Binder. 
The Barrett S 
Pioneer Aspha 
Standard Oil "Oo. ._—— 
The Texas Co. 
Uvalde Asphalt Paving Co. 
Warren Bros. Co. 


Road Forms. 
Heltzel Steel Form & Iron Co. 
Truscon Steel Co. 


Road Graders. 
Austin-Western Road Machinery 
Co., The 
Good Roads Machinery Co., Inc. 


Road Machinery. 
Austin Machinery Corporation. 
Austin- — Road Machinery 


Co. 
Burtale- Springfield <7 — 
Cummer & Son 
Good Roads Machinery ‘i. a 
Keystone Driller Co. 
Littleford Brothers, 
Warren Bros, Co. 


Road Planer. 
— Road Machinery 
e 


Road Oil and Preservatives, 
The Barrett Co. 
Standard Oil Co. (Indiana) 
The Texas Co. 


Road Rollers. 
Austin-Western Road Machinery 


Co., The 
Buffalo-Springfield Roller Co. 


Kock Asphalt, 
Kentucky Rock Asphalt Co. 


Rock Crushers, 
Austin-Western Road Machinery 


Co. 
= Good Roads Machinery Co., 
ne. 


Roofing Material. 
The Barrett Co. 
Carey Co., Philip, The 
Pioneer Asphalt Co. 
Warren Bros. Co. 


Sand Dryers. 
Cummer & Son Co., The F. D. 
Littleford Brothers. 


Scarifiers. 
Austin-Western Road Machinery 
Co., The 


Serapers, Drag Line, 
Pawling & Harnischfeger. 
Sauerman Bros, 


Scrapers, Graders, Plows, Etc. 
Austin-Western Road Machinery 
Co., The 


Scrapers, Power. 


Sauerman Bros. 


Sewer Braces. 
Kalamazoo Fdry. & Mach. Co. 
Dee Co., Wm. B. 
Madison Foundry Co. 


Sewer Gaye! paneiineny. 
Stewart, W. 


Sewer Forms. 
Heltzel "Bteol Form & Iron Co. 
Truscon Steel Co. 


Sewer Pipe. 
Gaanetiios Sewer Pipe Co, 
Clay Products Assn, 
Dee Clay Mfg. Co., W. B. 
Rosing, Inc., Astrid 8. 


Sewer Pipe Joint Compound. 
The Barrett Co. 


Sewer Rods. 
Stewart, W. H. 


Sluice Gates. 
Coldwell-Wilcox Co. 


Snow Removal Machinery. 
Dallmann Machine & Mfg. Co. 
Good Roads Machinery Co., Inc. 


tye Casti 
. Cast = Pipe & Fay. Co. 


Sprinklers, 
Austin-Western Road Machinery 
Co., The 


Steam Shovels. 
Keystone Driller Co, 


Steel Joists, Studs and Sash. 
Truscon Steel Co. 


Stone Crushers. 
Austin-Western Road Machinery 
Co., The 


Stone Elevators. 
Austin-Western Road Machinery 
Co., The 


Stone Spreaders, 
—s — Road Machinery 
0., 
Burch Plow Works Co. 


Stone Screens, 
Austin-Western Road Machinery 


Co., The 
Littleford Bros. 
Chet G Cleaning Machinery (Horse 


Austin- “Western Road Lemma 
Co., The 


Street Lighting. 
Holophane Glass Co. 
Westinghouse Electric & Mfg. 
Co, 


Street Sprinklers (Horse Drawn). 
Austin-Western Road Machinery 
Co., The 


Surveyors’ Instruments. 
Kolesch & Co. 
Lufkin Rule Co., The 


Sweepers. 
Austin- “Western Road Machinery 
The 


Tamping Machines. 
Pawling & Harnischfeger. 


Tanks, Water Supply. 
Littleford Brothers. 


Tar and Pitch. 
The Barrett Co. 


Tarvia, 
The Barrett Co. 








Chemists. 
mS Smith. 
Walter H. Flood. 
Howard, J. W. 
Kirschbraun, Lester. 
Van Trump, Isaac. 


——— Engines (Oil or Kere- 
sene). 
Austin-Western Road Mach, Co. 


Tractors. 
Best Tractor Co., C. L. 
Ford Motor Co. 
Holt Mfg. Co., Inc. 


Transmission, Truck. 
Warford Corp. 


Trench Braces. 
Kalamazoo Fdry. & Mach. Co. 


Trench Machinery. 
Austin Machinery Corperation. 
Kalamazoo Fdry. & Machine Co. 
Pawling & Harnischfeger. 


Turbines, Steam. 
De Laval Steam Turbine Co. 


Turntables, Truck. 
The Hug Co. 


Valves, 
Coldwell-Wilcox Co. 


Vitrified Clay Pipe. 
Clay Products Assn. 


Wall Coping. 
Cannelton Sewer Pipe Co. 


Warrenite. 
Warren Bros. Co. 


Water Main Cleaning. 
National Water Main Cleaning 


Co. 
Stewart, W. H. 


Water Pipe. 
U. —-_ Cast Iron Pipe & Foundry 


Waterproofing. 
Barrett Co., The 
Carey Co., Philip. 
Pioneer Asphalt Co. 
Truscon Steel Co, 


Water Purification. 
Direct Oxidation Process Corp. 
Pennsylvania Salt Mfg. Co. 


Water Softener. 
The Refinite Co, 


Water Works Supplies and Equip- 
ment, 
Coldwell-Wilcox Co. 
Pennsylvania Salt Mfg. Co. 


Wheeled Scrapers. 
—- -Western Road Machinery 


Wire Ro 
pete owl Steel & Wire Co. 


Windows (Steel). 
Truscon Steel 


Wire-Cat Lug Brick. 
Murphysboro Paving Brick Co. 


Wood Block (Creosoted). 
Barrett Co., The 
Republic Creosoting Co. 


Wood Preservatives. 
Barrett Co., The 
Republic Creosoting Ce. 
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Water Works Equipment 


Service 


If in the market for any of the following water works equipment, 
so indicate by check marks, mail this page to Municipal and County 
Engineering, 702 Wulsin Building, Indianapolis, and price quotations 
and descriptive literature will be forwarded to you. 


—Air Compressors 
—Air Lift Pumps 
—Ash Handling Mach’y 
—Backfillers 

—Brass Goods 
—Chimneys 

—Chloride of Lime 
—Chlorinators 


—Coal Handling Ma- 
chinery 


—Concrete Hoisting 
Equipment 


—Concrete Tanks 
—Condensers 
—Conduit Rods 
—Cranes, Locomotive 
—Cranes, Traveling 
—Curb Boxes 

—Curb Cocks 
—Derricks, Pipe Laying 


—Derricks, Stee] Port- 
able 


—Drinking Fountains 


—Dry Feed Chemical 
Apparatus 


—Engines, High Duty 
—Engines, Gas 
—Engines, Oil 
—Engines, Pumping 
—Explosives 
—Fence, Iron 


—Fittings, Wrought 
—Filter Equipment 
—Gates, Sluice 
—Gauges, Recording 
—Gauges, Steam 
—Gauges, Water 
—Goose Necks 
—Hydrants, Fire 
—lIndicator Posts 
—Lead 

—Leadite 

—Lead Furnaces 
—Lead Wool 
—Leak Indicators 
—Liquid Chlorine 
—Lime 

—Meter Boxes 
—Meter Couplings 
—Meter Testers 
—Motor Trucks 
—Motors, Electric 
—Oil, Lubricating 
—Pipe, Cast Iron 


—Pipe Cutters 
—Pipe, Lead-Lined 
—Pipe, Steel 

—Pipe, Wrought Iron 
—Pipe, Wooden 
—Pitometers 
—Pumps, Air Lift 
—Pumps, Boiler Feed 


—Pumps, Centrifugal 
—Pumps, Deep Well 
—Pumps, Steam 
—Pumps, Trench 
—Pumps, Turbine 
—Pumping Engines 
—Service Boxes 
—Soda Ash 
—Specials, Cast Iron 
—Standpipes 
—Steam Boilers 
—Steel, Reinforcing 
—Sulphate of Alumina 
—Tamping Machines 
—Tanks, Elevated 
—Tapping Machines 
—tTrench Braces 
—Trenching Machines 
—vValve Boxes 
—Valve Inserters 
—Valves, Gates 
—vValves, Pressure Reg- 
ulating 
—Water Main Cleaners 
—Water Meters 


—Water Softening 
Plants 


—Welding Apparatus 
—Well Drills 

—wWell Screens 
—Well Strainers 
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ALVORD, BURDICK 6 HOWSON 
John W. Alvord Charles B. Burdick Louis R. Howson 
ENGINEERS FOR 


Water Works Water Purification Flood Relief 
Sewerage Sewage Disposal Drainage 
Appraisals Power Generation 


Hartford Bidg. CHICAGO 


J.W. HOWARD 


CONSULTING ENGINEER 
ROADS AND PAVEMENTS 
Laboratory Analyses and Tests. Specifications improved. 
Expert in Valuation and Litigation. 32 years’ experience. 

1 Broadway NEW YORK CITY 








CHAS. BROSSMAN 
CONSULTING ENGINEER 
Water Supply. Sewerage and Disposal. Lighting 
Plants— Supervision of Construction and Reduction 


in Operating Cost. Appraisals—Expert Testimony. 


Merchants Bank Bldg. INDIANAPOLIS, IND. 


ROBERT W. HUNT CO., Engineers 


Inspection — Tests — Consultation 


PAVING MATERIALS, CAST IRON PIPE, 
STEEL AND CEMENT 


Chemical Cement and Physical Laboratories 


2200 Insurance Exchange CHICAGO, ILL. 











CHICAGO PAVING LABORATORY, Inc. 
L. KIRSCHBRAUN H.W SKIDMORE GENE ABSON 
CONSULTING and INSPECTING ENGINEERS 

PAVEMENTS and PAVING MATERIALS 


Consultation, Design. Specifications, Reports, Testing, 
Inspection and Research 


536 Lake Shore Drive CHICAGO 


SAM L. JONES, Consulting Engineer 
PAVEMENTS and ROADS 


Specifications, Estimates and Cost Systems 
807 Second Nat'l Bank Bldg. CINCINNATI, OHIO 











CITY-WASTES DISPOSAL C0. 


(Organized from Staff of Col. Geo. E. Waring, Jr.) 


Consulting Engineers. Specialists in Drainage, Sewerage 
and Sewage Disposal. Preliminary Investigations and 
Estimates, Surveys, Plans and Supervision. 
Sanitary Examinations and Reports. 


45 Seventh Ave. NEW YORK. 


W. G. KIRCHOFFER 
Sanitary and Hydraulic Engineer 


Water Supplies Water Purification Sewerage 
Sewage Disposal Land Drainage 


22 N. Carroll St. MADISON, WIS. 











DOW & SMITH 
CHEMICAL ENGINEERS 


Consulting Paving Engineers 


A. W. DOW, Ph. B., - Mem, Amer. Inst. Ch. Engrs. 
¥. FP. SMITH, Ph. B., - Mem. Amer. Soc. Civil Engrs. 
Asphalt, Bitumens, Paving, Hydraulic Cement, Engineering Materials 


131-3 E. 23rd Street NEW YORK CITY 


DANIEL B. LUTEN 
INDIANAPOLIS 


Designing and Consulting Engineer 


Reinforced Concrete Bridges Exclusively 
Associate Engineers in each State 











PLANS SPECIFICATIONS SUPERVISION REPORTS 
DRUAR 6 MILINOWSKI 
Engineering Experts to Municipalities 
Globe Building - St. Paul, Minn. 


Water Works—Sewer Sysee=s — Pavements — City Plann- 
ing—Electric Light Plants—Hyaro-Electric Developments 
—Mechanical Equipment—Fire Protection Engineers. 


ALEXANDER POTTER, C. E. 
HYDRAULIC ENGINEER AND SANITARY EXPERT 
50 Church St., New York City 
Sewerage and Sewage Disposal, Water Supply and 
Purification, Water and Electric Power. 
Valuations of Existing Plants where MUNICIPAL OWNER- 


SHIP is Contemplated— Expert Testimony— 
Plans and Estimates, 








WALTER H. FLOOD & CO. 
PAVING LABORATORIES 


Plant and Street Inspection. Testing and In- 
spection of Materia 


Offices: 22 Quincy St. Laboratories: 742 E. 39th St. 
CHICAGO, ILL. 








ASTRID S. ROSING, Inc. 


Sewer Pipe—Drain Tile—Steam and Electric 
Conduits—Building Tile—Fire Brick 


3464 N. Clark Street CHICAGO, ILL. 
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HYDRAULIC 
SULLIVAN, LONG & HAGERTY JAMES P. WELLS, EX@iNeER 
GENERAL CONTRACTORS os tow lnprovemsam Prepersdonel Paes iipertition 
of Construction, Dams and Reservoirs, Pipe Lines, Fil- 
Builders of Sewer Systems and Water Works Plants rey ng ee oe Cee 


Home Office, BESSEMER, ALA. Main Office, 249 Cutler Bldg., Rochester, N. Y. 
Chicago, I. New York City. Knoxville, Tenn. Toronto, Ont. 











is AAC V AN TRUMP CONSULTING ENGINEERS 
—reach city officials by inserting professional 

PAVING and TESTING ENGINEER cards in this Department. 
A Daily Bulletin, covering prospective work in all parts 


Asphalts, Road Oils, Portland Cement, Etc. “ 4 
Consultation, Specifications, Inspection, Testing. of the country, goes free to each advertiser. Write for 
rates and full information to 


2335-37 S. Paulina Street, Chicago, Ill. ee ° ° 
343-44 Gazette Bldg. Little Rock, Ark. Municipal and County Engineering 


CUMMER ASPHALT PLANTS 


Portable Road Plants (Three Units) 


Four Sizes, 750, 1250, 1800 and 2000 square yards 2-inch top per day. 
One Car—Steam Melting 
Capacity 2000 square yards 2-inch top daily. 
Over 300 plants in successful operation. 
Cummer plants never wait for hot sand. 


Prompt Shipment on All Plants. 


The F. D. Cummer G Sons Co., Cleveland, Ohio 




















Grand Prize Panama-Pacific 


New Automatic Cement Tester  smemcrore tsysevcs sis 


Manufacturers of Cement, Concrete, Brick and Road Material 
Testing Machines and All Auxiliary Laboratory Apparatus 


TINIUS OLSEN TESTING MACHINE CO. 500, Nosth Tretith Se. 








SEWER PIPE — FIRE BRICK 


Flue Linings — Wall Coping — Steam Line Conduit — Sewage 


Disposal Tanks — Fire Clay Meter Boxes 
IN STRAIGHT OR MIXED CARS. Manufactured of OHIO RIVER FIRE CLAY. 
CANNELTON SEWER PIPE CO., Cannelton, Ind. 


WM. E. DEE CLAY MFG. CO. 


Proprietors of MECCA CLAY WORKS 
Manufacturers of 


STANDARD AND DOUBLE STRENGTH 


Sewer Pipe, Drain Tile, Culvert Pipe, Well Tubing, 
Flue Lining, Wall Coping and Fire Brick. 


, Mecca, Parke County, Ind., on C. & E. 1. R. R. Chi Off 
WORKS * Vermillion County, Ind., on C. & E. I. R. R. 30N, LaSalle a 
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Please Send Us 


Annual or Special 
American 
Triangle Mesh Reports 


and 
Electric Weld of 
Reinforcing 


Fabrics Cities, Counties and States 


Wire Fabric Reinforcement also 
for Concrete Roads Manufacturer's Catalogs 
Ensures Permanence and 




















There is no form of road that is as : 

economical, enduring and efficient as Trade Literature 

a concrete road. And when it is rein- 

forced with steel wire fabric it is practi- ; ——— 

cally good for all time if the foundation 

and mixture are right. Municipal and County Engineering 


Send for our new Road Building Book 222 East Ohio Street 
Chicago New York Boston _ Pittsburgh INDIANAPOLIS, INDIANA 


Cleveland Denver San Francisco | 








Special Article Service 


“If you don’t see what 
you want, ask for it.” 


Thus the merchant to his customers; and 
thus, also, the editor to his readers. 


Readers are invited to write the editor re- 
questing that articles be published on sub- 
jects in which they are individually inter- 


FOUR YEARS CONTINUOUS CRUSHING ested. . 
It is quite likely that each reader, while 


“‘We have used one of your No. 1 Western Jaw Stone : . . * 
Crushers for the past four years. It has been used contin- finding the magazine interesting as a whole, 
uously, sometimes as much as twenty hours perday.”’ So sometimes looks in vain for an article on 
wanes ie eres oe — and we mineange Aon + pose some one subject of great and immediate 
of Battle Creek, Michigan. is experience should qual- : : * " 
ify them to express an expert opinion regarding the per- interest to him. We can obtain and pub 
formance, upkeep and durability of these Crushers. lish that article as easily as any other. 
They further assert, ‘‘We cannot say too much in favor is z “ 
of this Crusher. It has given us excellent service and the It is probable that articles so produced will 
cost of upkeep has been so slight that it is hardly worth be of value to others than the ones request- 
mentioning. Ofttimes foreign substance, such as steel, : their blication 
has 4 opt the oy ye ~ a the steel but do- ing their public ° 
ing no harm whatever to the Crusher. : . 
fe are pleased to recommend the Western Jaw Tell us about it and we will do the rest. 
Crusher to any one having use for same, and we are posi- 
tive that it will give them the same satisfaction it has us.”’ 


Why not profit by the experience of others? ° 42 “ ~ 
te gern Municipal and County Engineering 


THE AUSTIN-WESTERN ROAD MACHINERY co. 702 Wulsin Building INDIANAPOLIS, IND. 
400 N. Michigan Ave. CHICAGO. 
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CATERPILLAR TRACTOR CO. 


Executive Offices 
SAN LEANDRO, CALIFORNIA, U.S.A. 


Factories: San Leandro, Calif. Offices: New York City 
Stockton, Calif. Peoria, Ill. San Francisco 


Successor to 


C.L.B The Holt Manu- 
BEST te ibamesieg } antl HOLT 





Reduced prices on “Caterpillar” Tractors 
F. O. B. Peoria, Ill. 
10-Ton - $5950 5-Ton - $3650 2-Ton - $1950 
F. O. B. San Leandro, California 
Sixty - $5500 Thirty - $3400 











TYO122¢ 


Li Eee iy 


Time Saved is 
money earned 


“CATERPILLAR” 
TRACTORS 
supply power to build 
and maintain roads. 


But their dependability 
earns an extra premium. 


They ask few favors 
of the weather. 


They don’t sulk at 
overtime. 


Completion of a job 
on schedule time 
frees equipment for 
a new job! 


Ask the nearest 
dealer—we'll 
gladly tell you 
who he is. 
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“PAY AS YOU GO” PLAN OF HIGH- 
WAY FINANCING 


By J. T. Donaghey, State Highway Engineer, 
State Capitol Annex, Madison, Wis. 
(Editor’s Note: The following address 
was delivered at the meeting of the 
American Association of State Highway 
Officials at Detroit on Nov. 19, 1925.) 


The subject assigned me, which is that 
of highway financing, is one that has 
been discussed by many men who have 
made a closer study of the subject and 
are much better equipped to discuss it 
than I. However, in most cases the sub- 
ject has been discussed purely from the 
angle of providing funds by one of the 
three following methods: (1) By a di- 
rect tax upon general property; (2) Is- 
suing bonds for a term of years, retiring 
the bonds when due, and paying the 
interest annually by a direct tax upon 
general property; and (3) By issuing 
bonds and retiring the bonds when due 
and paying the interest annually with 
revenues from motor vehicles. 


Many states or subdivisions thereof 
have financed highway improvements by 
some one of the three plans mentioned 
above, and in but very few instances can 
opponents of any of the three plans show 


where the public has not received reason- 
ably full value for the funds expended 
and highway service to the extent of 
several times the total cost of the im- 
provements. Even where bonds have been 
issued for the construction of highways, 
the same running for a period of 20 
years or more, and the surface of the 
road constructed has become worn to 
such an extent that a new surface was 
required before the bonds were retired, 
it is not proved that the public which 
must finally provide the funds for re- 
tiring the bonds has not received in high- 
way service several times the cost re- 
quired to meet the bonds and interest. 
The very fact that the surface has be- 
come worn to such an extent that a new 
surface is required is good evidence that 
the traffic was extrmely heavy. There is 
still available the basic portion of the 
road for future use; that is, the right 
of way, roadbed and drainage structures. 

Many writers contend that general 
property should pay the cost of right of 
way, grading and drainage structures, 
and that a just charge against the motor 
vehicle would be to provide and maintain 
the wearing surface. This sounds like a 
reasonable solution of the problem and 
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would be, could it be carried into effect 
in all instances. 

There is, however, one matter that few 
have taken into consideration when dis- 
cussing highway financing, and that is 
the value of the present highways before 
improvement. Every American state, or 
its subdivisions, has a large mileage of 
public highways. These highways, when 
originally laid out and opened for travel, 
were an obligation against the taxable 
property of the subdivision, and the right 
of way, grading and drainage structures 
on this vast mileage that the road build- 
ers of today are inheriting was provided 
by a direct property tax. The taxpayers 
of the diflerent units of government have 
from year to year expended large sums 
for the improvement of the old roads, 
which are not all a total loss when re- 
construction is contemplated. I dare say 
that the average mile of public highway 
as we find it in the average unit of gov- 
ernment today is worth to us when taken 
over for improvement not less than 
$8,000, and this sum must be considered 
when figuring the fair proportion that 
general property should pay by a direct 
tax. 

During the past five years public senti- 
ment has gradually drifted toward re- 
quiring the motor vehicle to pay a larger 
share of the cost of improving the high- 
ways they use, and to provide a method 
whereby each motor vehicle owner pays 
in proportion to the amount of service 
he receives as nearly as can be estimated. 
This sentiment has resulted in practically 
every state in the Union adopting a gaso- 
line tax, in most cases to supplement a 
former license fee. There is but little 
sentiment against a play of this kind in 
those states that have adopted it, provid- 
ing the motor vehicle revenues have been 
honestly and conscientiously expended 
upon the highways in which the motor 
vehicles owners are interested. In fact, 
the general feeling of motor vehicle own- 
ers is that they would rather pay a much 
higher amount annually than they are 
now paying in order to get adequate high- 
way service as soon as reasonably pos- 
sible. 

Any plan that provides for using the 
entire motor vehicle revenues of a state 
for the construction of a limited primary 
highway system is not economically 
sound and will not result in general satis- 
faction to the motor vehicle owners of 
the state for any great length of time. 


In the average agricultural state, fifty 
per cent of the motor vehicles are owned 
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in the agricultural communities. Those 
owners are entitled to and must receive 
recognition when plannig the expenditure 
of the annual fees they pay for the privi- 
lege of operating their motor vehicles. 

I propose to discuss the “Pay As You 
Go Plan” of Highway Financing by sug- 
gesting an adjustment in motor vehicle 
revenues to an annual amount sufficient 
to provide the necessary funds to con- 
struct an adequate system of Primary and 
Secondary highways as fast as it is prac- 
ticable to construct the same, and to 
maintain both the primary and secondary 
systems before they are finally improved 
as well as after, thus giving the motor 
vehicle owners the best possible highway 
service from the very beginning. 

It is not a waste of motor vehicle rev- 
enues to expend the same for the improve- 
ment of earth roads by supplying a light 
gravel surface prior to their final im- 
provement. Neither is it a waste of 
funds to maintain both the earth and 
gravel surfaces in an adequate manner 
at all times. 


In discussing this subject, we will con- 
sider an average Mid-Western agricul- 
tural state. This average state has 80,000 
miles of public highways. We will as- 
sume that seven per cent of this mileage, 
or 5,600 miles, constitutes an adequate 
primary highway system and will eventu- 
ally require a high type surfacing, and 
that ten per cent of the total, or 8,000 
miles, constitutes an adequate secondary 
system, which should eventually be sur- 
faced with gravel or some other light 
type of surfacing that will keep traffic 
out of the mud. In other words, seven- 
teen per cent of the total highway mile- 
age of this average state should eventu- 
ally be improved with some kind of all 
weather surface to properly serve traffic. 

This average state has a population of 
2,600,000; a true valuation of $5,000,000,- 
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000; and a motor vehicle registration of 
600,000. We find these three important 
factors go hand in hand, and there is 
very little variation in the proportion of 
each in the several Mid-Western agricul- 
tural states. There is, of course, a con- 
siderable variation in the industrial 
states of the East and the undeveloped 
states of the West. Assuming that these 
three factors do go hand in hand in the 
average agricultural state, it matters but 
little in the long run whether highway 
improvement is financed by direct taxa- 
tion or by a tax upon the motor vehicles, 
as practically every family in such states 
now owns one or more motor vehicles. 
The pricipal provisions of a highway law 
should be to compel each user of the high- 
way to pay according to the services he 
receives. 

To own and operate 600,000 motor ve- 
hicles in this average state will require 
the stupendous sum of $273,000,000 an- 
nually. This is an average of $455 per 
motor vehicle. Included in this cost is 
interest on the investment, depreciation, 
insurance, housing, plus the general up- 
keep and operating cost of the vehicle, 
which is conservatively estimated as fol- 
lows: 

600,000 motor vehicles at an average 
cost of $750 represents a total investment 
of $450,000,000. 

When you have applied the above esti- 
mates to your own car, you will agree 
that the figures used are thoroughly con- 
servative. Each motor vehicle in this 
average state is now paying in license 
fees and gas tax $21.00 annually, which 
is but 4.4% of the total annual cost of 
owning and operating such motor ve- 
hicles. 

It is generally conceded that it costs 
two cents per mile more to operate a 
car on an average earth surface than on 
a concrete or other high type surface 


ANNUAL FIXED CHARGES 





Interest on $450,000,000 at 6%.... 
Depreciation at 20% ” 


$27,000,000 
90,000,000 





Insurance on 1/3 of vehicles at $30 
Garage rent and storage at $30 


6,000,000 








Total annual fixed charges... 


18,000,000 
$141,000,000 





ANNUAL OPERATING COSTS 


Tires and tubes at $75 per car 


$45,000,000 





Gasoline, 350 gals. at 20c per gal 


42,000,000 





Oil, grease, waste, etc., at $20 per car. 
Supplies and repairs at $50 per car. 


Repainting 10% of cars at $50 





12,000,000 
30,000,000 








Total annual operating costs..... 


3,000,000 
132,000,000 





Total cost of owning and operating the 600,000 motor vehicles annually..$273,000,000 
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and one cent per mile more on an average 
gravel surface than on concrete or other 
high type surfaces. Assuming that these 
figures are correct and that the average 
car travels 5,000 miles per year, the dif- 
ference in the cost of operating a motor 
vehicle per mile per year on a concrete 
surface as compared with an earth sur- 
face is $100; the difference between a con- 
crete surface and a gravel surface is $50; 
and the difference between a gravel sur- 
fac and an earth surface is $50 per year. 
These figures, which I am sure are con- 
servative, prove conclusively that the 
motor vehicle owner can well afford to 
pay much more annually towards high- 
way improvement providing the funds 
are expended on the highways he uses 
and by so doing will have a net saving 
annually on the cost of operating his 
motor vehicle. 

No plan of highway financing, where 
the motor vehicle owner pays the bill, is 
complete or fair unless it includes the 
construction and maintenance of roads 


other than a primary system. 

In order to determine the roads which 
the motor vehicle owners use in Wiscon- 
sin, the highway department conducted a 
very interesting traffic survey during the 
summer of 1923 in several separate units 
of government, nine of which were agri- 


cultural townships located in different 
sections of the state. A representative of 
the Commission called upon every farmer 
living in each of the nine townships and 
got the following information from them 
personally: 

1. How many miles of annual highway 
travel, both auto and team. 

2. Miles traveled on primary or state 
trunk highways. 

3. Miles traveled on secondary high- 
ways, in Wisconsin called County Trunk 
Highways. 

4. Miles 
roads. 

A tabulation of the above information 
shows that 48 per cent of the farmer’s 
total travel was on the state trunk high- 
ways or primary system; 29 per cent 
on the county trunk or secondary system; 
and the balance, 23 per cent on the ordi- 
nary town roads. 

Fifty per cent of the motor vehicles 
in this average agricultural state are 
owned in the cities and villages and not 
less than 80 per cent of their travel is 
on the primary system. This would re- 
sult in 64 per cent of the total travel 
being on the primary system and the 
balance of 36 per cent on other roads. 


traveled on ordinary town 
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This shows plainly that a proper distribu- 
tion of the motor vehicle revenue ex- 
penditures must be made if we wish the 
whole people in the average state to be 
in general satisfied with the plan. 

Assuming that 25 per cent of the 5,600 
mile primary system now contains a satis- 
factory surface, to construct the balance, 
or 4,200 miles, with a high type surfac- 
ing, at $35,000 per mile, will cost approxi- 
mately $150,000,000. 

Assuming also that 25 per cent of the 
secondary system contains a satisfactory 
light surfacing, the remainder to be con- 
structed with such would be 6,000 miles. 
This 6,000 miles would, in many instances, 
require only a light surfacing of gravel 
and would probably average not more 
than $8,000 per mile, or approximately 
$50,000,000. This would result in a total 
construction cost of $200,000,000 to com- 
plete the improvement of both the pri- 
mary and secondary systems, containing 
13,700 miles, or 17 per cent of the total 
mileage, which will adequately serve more 
than 80 per cent of the population of this 
average state. 


There is a limit in almost every state 
as to the amount of highway construction 
that can be performed annually at a 
reasonable cost. The necessary materials 
and their delivery, the engineering or- 
ganization rquired by the state depart- 
ment, and the contractors’ organizations 
necessary to execute the work must be 
taken into consideration. I believe, there- 
fore, that in planning the completion of 
a program as outlined above, the con- 
struction should be spread over at least 
a ten year period, which would result 
in constructing 300 miles of high type 
surfacing and 600 miles of light type sur- 
facing annually, which I believe is as 
large a mileage as this average state 
ean plan and construct at minimum cost 
and provide the necessary funds on the 
“Pay As You Go Plan.” 


It might be interesting to know that, 
to construct 300 miles of 18 ft. concrete 
highways would require 20,000 carloads of 
coarse aggregate, 10,000 cars of fine ag- 
gregate, and 4,500 cars of cement. 


To construct 600 miles of gravel roads 
would require 48,000 cars of gravel. 

In addition to the construction pro- 
gram, the mlileage of both the primary 
and secondary systems should be ade- 
quately maintained from the beginning. 
The annual maintenance cost on the pri- 
mary system would probably average 
$350 per mile for the ten year period, 
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or $1,960,000, and on the secondary sys- 
tem $300 per mile, or $2,400,000, resulting 
in a total annual maintenance cost of 
$4,360,000. This annual maintenance ex- 
penditure would, of course, include many 
miles of light gravel surfaces, where grav- 
el is available in order to make roads 
serviceable until such time as the final 
surfacing could be financed. 


The revenues from the annual increase 
in motor vehicles owned and operated in 
this average state for the ten year period 
will more than pay the maintenance cost. 

This average state’s share of Federal 
Aid funds will approximate $2,000,000 an- 
nually. This amount, together with the 
revenue from the 600,000 motor vehicles 
at $30 each, would produce a total of 
$20,000,000 annually, which, in ten years, 
would complete the two systems, result- 
ing in a total of 5,700 miles of high type 
surfacing and 8,000 miles of light type 
surfacing. 


If each motor vehicle owner will ana- 
lyze his own case thoroughly, he can 
readily see that he would be money ahead 
at the end of the ten year period if he 
pays the difference between what he now 
pays and the average of thirty dollars, 
due entirely to the saving in the cost 
of operating his motor vehicle, say noth- 
ing about the added’ convenience and 
pleasure of having a satisfactory system 
of highways to use. In fact, he cannot 
afford to do otherwise. 


Should this average state authorize the 
issuance of bonds for the purpose of fi- 
nancing the same program and spread 
the payment over a 20 year period, it 
would be impossible for them to con- 
struct the entire system in very much 
less than a 10 year period, due to the 
time required to plan and ‘execute the 
work and the delivery of the materials 
required. 


The annual interest charges would in- 
crease the total cost of the system by 
approximately 50 per cent. While it 
would ease off the annual payment some- 
what by being spread over a longer period 
of years, nevertheless, at the end of a 
ten year period there will probably be 
just as many highway obligations facing 
us as there are today. We find that a 
highway constructed ten years ago, con- 
sidered very adequate at that time, is 
wholly inadequate today, and the high- 
ways built ten years ago are either be 
ing widened at a cost equal to, if not 
greater than, the original cost, or are 
being entirely reconstructed with a pave- 
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ment two or more times as wide as the 
former one, with better alignment, bet: 
ter grades and the elimination of all 
dangerous features as far as possible. 
The same conditions may not prevail ten 
years from now if an adequate highway 
system is planned and completed in this 
average state, but it is a fact that no 
American state has as yet permitted their 
highway department to plan and con- 
struct a system of highways that is satis- 
factory from ten to twenty years after the 
system’s completion. 

The motor vehicle owner must not get 
the idea that if he is taxed to construct 
this system of highways that his obliga- 
tion ceases as soon as the system is con- 
tructed. The maintenance cost of the 
system must be paid annually, and it 
must be provided from the same sources. 
Therefore, the maintenance cost, plus the 
additional obligations that the system 
will entail from year to year, will neces- 
sitate the expenditure of not less than 
the amount of motor vehicle revenue re- 
quired to construct the system as out- 
lined, spread over a ten year period. 

Going back to the cost of owning and 
operating a motor vehicle in this average 
state, which is estimated at $455.00. The 
cost of providing a track for the motor 
vehicle to operate on, we find is only six 
per cent of the total cost of owning and 
operating the vehicle. This small sum 
cannot in any way be considered a de- 
termining factor in purchasing a motor 
vehicle. If you are willing to expend 
$455.00 annually to own and operate the 
vehicle, the additional $30.00 required to 
construct the surface to operate on at 
a minimum cost per mile is surely a good 
investment. 

The fact that the motor vehicle is now 
about the only user of our highways 
makes it impossible to finance a highway 
system by any other method than increas- 
ing the motor vehicle revenues. If the 
users of the highways desire a satis- 
factory highway system in this average 
state within a reasonable period of years, 
the only sure method is for them to get 
behind a plan whereby the revenues de- 
rived from motor vehicles will be fixed 
at an amount that will annually produce 
the necessary funds to bring about the 
desired results in a ten year period as 
outlined above. 

Just as soon as the average state makes 
provisions for an annual revenue suffi- 
cient to carry out a moderate program of 
highway construction and maintenance, 
sentiment will immediately develop in 
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certain communities to advance the con- 
struction planned for them if possible. 
The law should be so framed that the 
local units of government could, if they 
desired their improvement immediately, 
anticipate portions of the annual reve- 
nues by bonding and using the future 
revenues to retire the bonds, they paying 
the interest for the advance use of the 
roads. 


In many instances funds will be made 
available locally by direct taxation to 
insure completing worthy projects in ad- 
vance of their normal time, all of which 
is operating under the pay as you go 
plan. 

Where a steady though moderate reve- 
nue is provided for highway improve- 
ment which avoids the uncertainty of 
legislative action, the highway depart- 
ment can place in effect a budget system 
for a long term of years, determine that 
a certain road can be maintained with 
the funds available until a certain year 
and provide the funds at that time for 
its construction. A moderate steady plan 
of highway construction on the “Pay As 
You Go Plan” is far better for the ma- 
terial producers, transportation lines, con- 
tractors, engineering department, and, in 
fact, everyone financially or otherwise 
interested. It stablizes the whole opera- 
tions, permits ample time for properly 
planning the work, and prevents the state 
from being flooded with “hay-wire’” con- 
tractors and “mushroom” material pro- 
ducers. 


To construct a system of highways un- 
der the “Pay As You Go Plan” requires 
entire freedom from political control of 
funds. All sections of the state must be 
treated fairly and each year’s funds be 
expended where most needed, traffic and 
other conditions taken into consideration. 


Sentiment for more and better highways 
must be promoted religiously; in other 
words, the general public must be kept 
“coming.” It is a false idea that prevails 
in some states that the temporary im- 
provement of earth or gravel roads is 
a waste of funds. Every time an earth 
road is smoothed up by dragging or prad- 
ing, it creates sentiment for a surface 
road, and when a gravel road is con- 
structed, it whets the appetite of the users 
for a higher type surface. 

A child must creep before it walks, and 
sentiment for high type surfacings must 
be promoted in many instances by the 
construction of lower type surfaces to 
serve traffic temporarily. 
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A large percentage of the back-bone of 
this average state lives on the secondary 
highways and must be reckoned with in 
planning a highway system. Any plan 
that does not take into consideration the 
interests of the motor vehicle owners 
living in the agricultural sections, and 
especially on the secondary highways, is 
not fair and cannot be justified. When 
the vast majority of the small town and 
agricultural residents are satisfied with 
a plan of highway financing and improve- 
ment, then, and then only, is when this 
average state can continue to construct 
and maintain a real highway system with 
satisfaction to all. This can be ac- 


complished with less friction by adopting 
the “Pay As You Go Plan” and: 


First, provide for an annual motor ve- 
hicle revenue sufficient to construct with- 
in a 10 year period and annually main- 
tain a highway system containing at least 
15 per cent of the total highway mileage 
of the state. 


Second, furnish immediate highway 
service on this entire system by installing 
a thorough patrol maintenance system re- 
gardless of whether or not the roads have 
been surfaced or otherwise improved. 


Third, where available, apply a light 
surfacing of crushed stone, gravel or 
other suitable material in advance of the 
final contemplated surfacing in order to 
get traffic “out of the mud” at the earli- 
est possible moment. 


Fourth, construct at least the primary 
system with a high type surface as 
rapidly as funds can be provided from 
the annual revenues. This should not be 
done at the expense of the secondary 
system. Give each their proper share of 
funds according to traffic requirements. 


Fifth, and last, but not least, direct 
traffic by adequately marking and sign- 
ing the whole system. This is a necessary 
factor to be considered when financing a 
highway system. 

Under the plan as outlined, this average 
agricultural state will have a very satis- 
factory highway system from the very 
beginning and a real system at the end 
of a ten year period. There will be no 
future obligations in the form of bond 
retirements and annual interest charges. 
Every dollar of the motor vehicle reve- 
nues from, year to year will be expended 
in construction and maintenance of the 
highway system. This can truly be called 
a “Pay As You Go Plan” of highway fi- 
nancing. 
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ASPHALTIC PAVEMENTS ON OLD 
MACADAM OR GRAVEL BASES 
IN GRAND RAPIDS, 
MICH. 


By C. A. Paige, City Engineer, 
Rapids, Mich. 
(Paper presented at the Fourth As- 
phalt Paving Conference, Detroit, Mich., 
Oct. 21-23, 1925.) 


In 1910, Grand Rapids laid its first 
asphaltic concrete pavement over an old 
macadam base. This was on East Fulton 
St. from Jefferson Ave. to Union Ave. 
East Fulton St. carries the bulk of the 
east bound traffic from the business sec- 
tion and is a part of State Trunk Line 
16 into Detroit. In spite of the ever in- 
creasing traffic, it has had to bear, the 
pavement is in fine condition and is slow- 
ly wearing away as is shown by the eleva- 
tions of the castings. 

In 1912, a Topeka mix pavement was 
laid on Plainfield Ave. from Quincy St. 
to Ann St., a distance of 2,500 ft. This 
pavement was laid on an old gravel base, 
which was built up where necessary with 
crushed stone. This pavement is a link 
in State Trunk Line 13 and carries north 
bound traffic to the suburbs. The pave- 
ment is in perfect condition and good for 
many years. 

Monroe Avenue from Newberry St. to 
Coldbrook St. was paved with 3 in. of 
sheet asphalt in 1915 over an old water- 
bound macadam street. The street was 
worn down to the cobble base and the 
asphalt was placed directly on the cobble. 
This asphalt pavement has had an enor- 
mous amount of heavy traffic for ten 
years, but is in perfect condition. 

Practically no more pavements were 
laid on bases of this nature until 1920 
when the department decided to lay a 
3 in. asphalt pavement on the better class 
of gravel streets, using the present road- 
Way as a base. 

Perhaps a short explanation as to how 
these gravel streets were constructed 
would be in order at this point. In 1897, 
the Engineering Department improved 
their methods in the construction of 
gravel roadways. Prior to this time the 
roadways were built up in two layers, 
6 in. of bank gravel with a 6 in. layer 
of screened gravel. The gutters on these 
streets were invariably cobble stone and 
generally without vertical curb. 

In the above named year, the specifi- 
cations were changed so that the gravel 
roadways were built up in four layers. 


Grand 
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The bottom layer was composed of either 
cobble or large gravel filled in with 14 
to 2 in. gravel and thoroughly rolled us- 
ing a clay binder. The succeeding three 
layers were composed of 1% to 2 in. 
gravel thoroughly compacted and bound 
with clay. All gravel was clear of sand 
and the clay was as pure as could be ob- 
tained. The result was a hard gravel 
pavement of from 10 ins. to 12 ins. in 
thickness. 

The curb and gutters were built with 
these improvements and consisted of 
separate curb with 3 ft. brick gutter or 
combined curb and gutter (18 in. con- 
crete gutter) bordered with 18 ins. of 
brick gutter. The construction of all 
gravel pavements was discontinued in 
1918. 

In 1920, Grand Rapids had about 70 
miles of this type of gravel road which 
was becoming almost impassable from 
the development of chuck holes. They 
could not withstand the increased auto- 
mobile traffic and the maintenance cost 
was beyond the department’s funds. 

Four streets of the above type were 
covered with a 3 in. sheet asphalt top 
in 1920, our first real venture in this 
type of paving. 

Herewith is a table showing the amount 
of this kind of work Grand Rapids has 
done to date. 


THREE-INCH SHEET ASPHALT PAVING 
ON GRAVEL BASES 


Number of 


Contracts Sq. Yds. 
8,504 


6,270 


Year 


1925 
Totals 


262,303 


In preparing the gravel roadways for 
the ‘asphalt top, the street is scarified 
with a steam scarifier attached to and a 
part of our steam rollers. This operation 
loosens the top layer of gravel, which 
is hauled from the street, only enough 
being saved for filling, where necessary, 
at the time of the subsequent rolling. The 
street is then thoroughly rolled with a 
ten or twelve ton roller and brought to 
the proper grade to receiver the 3 in. as- 
phalt top. The street is then allowed to 
dry and the asphalt is applied as on a 
concrete base. 

The gravel street when the rolling is 
finished and the street dry gives us a 
hard durable base, capable of withstand- 
ing the present traffic conditions if sup- 
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plied with a suitable wearing surface 
which is furnished by the asphalt. 

Some old streets are so badly worn 
away that very little scarifying is neces- 
sary and new material is needed to bring 
it to proper grade to receive the top. 

If the old street was built with 3 ft. 
brick gutters, these are preserved and 
have some penetration streets built in 
the asphalt built up to these gutters. Any 
‘bad depressions in the old gutters, are 
eliminated by relaying the brick and the 
finished street left in proper shape for 
good drainage. 

Where the street has combined curb 
and gutter with an 18 in. brick border, 
these bricks are removed and the asphalt 
laid up to the remaining 18 in. concrete 
gutter. Any defective curb and gutter is 
replaced with new and again the street 
is left properly drained. 

It has been our experience that, when 
asphalt is laid on a concrete base, cracks 
invariably develop in the concrete at cer- 
tain space intervals. These cracks im- 


mediately show up in the asphalt top 
and are a source of annoyance. They are 
not, perhaps, a serious defect to the pave- 
ment, but are a topic of criticism for 
the average property owner. ie 
The gravel base has no apparent ex- 
pansion or contraction—at any rate there 


is no movement great enough to cause 
cracks and develop inperfections in the 
asphalt top. 


In all the yards of asphalt that Grand 
Rapids has laid on this type of base, I 
believe I can safely say that not one 
opening has developed from a base crack. 


There are other points in favor of this 
type of pavement which should not be 
overlooked. Let us consider the cost of 
this pavement and speed in finishing as 
compared with one on a concrete base. 


If the gravel street were graded to a 
sufficient depth to receive a concrete base, 
the extra cost of excavation would 
amount to about $0.15 a square yard. The 
concrete base costs us $1.10 per sq. yd. 
So, by utilizing the present gravel as a 
base, we save the property owner $1.25 
per sq. yd. or from $1.50 to $2.00 per front 
foot of property, depending on the width 
of roadway. 


The gravel street is speedily prepared 
for the asphalt top and with but slight 
inconvenience to the public. There is no 
delay in waiting for the curing of the 
concrete and the public is permitted to 
drive on the gravel base as soon as it is 
dry and until ths asphalt is applied. 
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The majority of these pavements are 
laid in the residential districts, where 
most of the gravel pavements were built. 
We have one in particular, however, 
which is in the down-town district and 
carries a large amount of traffic. This 
pavement is in fine condition and has 
satisfied us that this type of construction 
is the proper answer for salvaging the 
gravel roadway. 





THE COST OF INADEQUATE 
STREET LIGHTING 


By Charles J. Stahl, Manager Illuminating 
Engineering Bureau, Westinghouse Elec- 
tric and Manufacturing Co., South 
Bend, Ind. 

The realization of the excessive costs of 
inadequate street lighting has brought 
about a rapidly increasing number of 
street lighting installations. Seldom are 
human emotions aroused to the extent of 
producing action by mere reference to the 
cost of any project, but place before them 
the enormous sums that are expended 
year after year in payment for inefficient 
operations and you have struck a vulner- 
able spot. 

Only 73 years ago homes were lighted 
with sperm oil. The average home then 
used 25 candle hours per night, or 9,000 
per annum, costing approximately $24. 
Today the average home uses a little more 
than 20 times as much at about the same 
cost. In other words, we have increased 
20 times in the last 70 years, whereas we 
hardly doubled in all the preceding ages. 
In street lighting we have had approxi- 
mately the same rate of progress, but the 
necessity for the artificial illumination 
of streets has increased, whereas in the 
home our needs are essential the same as 
50 or 100 years ago. More urgent need 
for the adequate lighting of our streets 
has come about, as we all know, by the 
enormous increase in the volume and 
speed of street traffic. We do not imme- 
diately appreciate the benefits of good 
street lighting in relation to this traffic 
and we do not know it all yet, but we are 
beginning to realize that nationally we 
should have a better economic balance be- 
tween the cost of street lighting and the 
needless losses resulting from its inade- 
quate use. In the Cost of Adequate Street 
Lighting it was pointed out that no spe- 
cific formula for the determination of ad- 
equate costs be prescribed. Conditions 
are, of course, not the same in all com- 
munities. The costs of providing street 
lighting services vary. The style of equip- 
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ment preferred varies. In all cases the 
purposes for which street lighting is de- 
sired are fundamentally the same, but 
they sometimes vary in rank as to order 
of importance. 

On the other hand, the cost of inade 
quate street lighting does not vary great- 
ly. Where we have traffic of given vol. 
ume, speed and density, there is natural 
inevitable traffic accidents hazard and loss 
until we bring to bear what influence we 
have in the form of traffic control and 
street lighting, and then there is still 
some loss, but not so much. 

We do not know exactly what our na 
tional cost of inadequate street lighting 
is, but some pretty well-founded estimates 
have been made. It is easy enough to 
appraise the cost of replacing a wrecked 
automobile in apparently first-class con- 
dition, but we cannot evaluate the eco- 
nomic loss to the community and society 
as a whole when on a poorly lighted street 
a preventable accidental fatality occurs. 

From an analysis of accurately com- 
piled statistics on traffic accidents in 
many of our larger cities, it was deter- 
mined that a certain percentage were di- 
rectly attributable to inadequate street 
lighting. This percentage, applied to the 
record for the entire United States and 
evaluated on a logical economic basis, 
showed a total preventable property acci- 
dent loss of more than $50,000,000, which 
is more than the present annual expendi- 
ture for all street lighting in the United 
States. This takes no account of the life 
hazard. 

We have been thinking in terms of the 
cost of street lighting, and this is natu- 
ral, for we must speak in terms of cost 
in building budgets, and budgets grow 
without much of a building effort. How- 
ever, if we will at times stop to consider 
the cost of inadequate lighting, we shall 
be able to reach a better economic balance 
for determining in what measure funds 
should be allotted to street lighting. 

I have mentioned only the item of traf- 
fic accidents. There are equally definite 
figures showing the potentiality of street 
lighting in crime reduction. Statistics on 
this phase of the subject have been pre- 
sented a number of times and need no 
elaboration. I do not know of any effort 
so far made to determine in dollars and 
cents what actual saving could be effected 
in this direction. 

These, in conservative judgment, are 
some of our costs of inadequate street 
lighting, and fortunately good street light- 
ing is gaining popularity at a very rapid 
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rate. In.some cases this growth does not 
spring from a calm scientific appraisal of 
its worth, but is rushed as an emergency 
measure to ease distressing conditions of 
traffic and crime. Improvements so found 
are not always handled to best advan- 
tage. Many economies are _ assured 
through advance planning. Street light- 
ing plans should run far in advance of 
immediate requirements. In past years 
the usual practice has been to confine 
street lighting improvements to limited 
sections. Just as city planning has in the 
past been almost wholly confined to scat- 
tering about the city a few beauty spots, 
such as civic centers, parks and play- 
grounds, so has street lighting been scat- 
tered through the agency of localized im- 
provements carried out as private develop- 
ments or in the form of improvement dis- 
tricts. Nearly always the aim has been 
to boom a restricted area to commercial 
leadership through the establishment of 
“White Ways.” ‘The work of so-called 
improvement districts may be made val- 
uable if regulated under a general im- 
provement plan, but without centralized 
command the result is haphazard patch- 
work. 

A scientifically derived, comprehensive 
and far-sighted street lighting plan cor- 
related with a city zoning plan is not 
easily worked out, but it is worth the 
effort. 

The expenditures necessary for good 
street lighting can be justified by avail- 
able traffic and crime statistics. There 
are, however, other benefits which we fail 
to enjoy where the lighting is inadequate. 
In residential areas the feeling of safety, 
comfort and convenience is worth the 
cost. Real estate promoters know that 
it increases property values. At Tampa, 
Fla., a large real estate operator wished 
for°’an island in the bay just off shore 
from the business section. He contracted 
for the largest real estate street lighting 
project on record and presently the island 
appeared. 

Good street lighting presents to the en- 
tire public very conspicuous and easily 
understood evidence of the administra- 
tion’s good works in the community, and 
we now have a pretty well cultivated taste 
for civic beauty. In street lighting, like 
in many other works, we have had too 
much temporary construction, instead of 
planning for the required flexibility along 
with permanence. There are a _ great 
many ornamental and permanent street 
lighting installations to be designed and 
built. They can be made to express art 
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and the master’s stroke in works of per- 
manence. The present trend is not only 
for more adequate street lighting, but for 
comprehensive advanced planning and for 
construction of a type which in a measure 
parallels the cathedral in both art and 
permanence. 





WORK OF AMERICAN CONSTRUC- 
TION COUNCIL 


The address of Hon. Franklin D. Roose- 
velt, President of the American Construc- 
tion Council, at its fourth annual session, 
on Nov. 18, 1925, follows: 

Represeliting through the Council all 
the component parts of a huge six billion 
dollar industry, which has this year bro- 
ken all previous records in volume of ac- 
tivity, our common conference table 
should produce results of the greatest ben- 
efit to the entire nation. 


This, after all, is the American con- 
struction movement—that progressive 
measures on the part of the construction 
industry shall be taken, and that its ills, 
when they exist, shall be cured not by 
governmental and court action, but by the 
voluntary work of the industry itself. It 
is this that marks the movement as one 
of the big forward steps in American in- 
dustrial organization. 


Too few persons visualize in a practi- 
cal manner the vastness of construction 
and its importance in promoting the ec- 
onomic prosperity of the country. More- 
over, many who believe this in principle 
do not adhere to it in every day practice 
through the adoption of methods that 
make for sound development throughout 
the industry. Construction, unlike many 
other industries, both creates and main- 
tains wealth. How this wealth is created 
determines how well it can be maintained. 
Knowledge and responsibility must go 
hand in hand in securing the desired re- 
sults and they cannot go hand in hand un- 
less the many branches of the industry 
work together on problems of mutual in- 
terest. 


The American Construction Council was 
formed to unify the industry not only in 
public and official thought but in its ac- 
tual operation. Its field of service em- 
braces construction in all its many phases 
—highway construction, transportation 


systems, power plants, and the like, as 
well as building construction. 

Our power in dealing with those many 
phases of construction in their relation 
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with the public is that of common coun- 
sel and cooperation on the part of all the 
component parts of construction—from in- 
vestors, producers and distributors, trans- 
portation agencies, architects and engi- 
neers, surety and real estate men, con- 
structors, labor and public officials actual- 
ly engaged in construction operations, to 
the allied industries of distribution and 
commerce that feed construction and are 
in turn fed by it. The enormous influence 
to be exerted upon both the industry it- 
self and the public through properly di- 
rected cooperation merits the earnest en- 
deavor of us all. 

As I had occasion to say just a few days 
ago in a statement to one of the branches 
of the industry, after three years’ associa- 
tion with the American Construction 
Council which was organized by Secretary 
Hoover and myself, I am more and more 
convinced of the need for cooperation in 
the whole construction industry. Two 
points I would stress. The construction 
industry is a whole, and we have learned 
what was not generally understood a few 
years ago, that the thousand parts of the 
industry are component and lean on one 
another for success. In the old days there 
was too much tendency to feel, for in- 
stance, that those interested in steel con- 
struction were necessarily antagonistic to 
those interested in wood construction; 
that brick manufacturers are merely ri- 
vals of the cement makers. Today, how- 
ever, we know that in construction as in 
so many other human activities, what 
makes for the good of one is apt to make, 
also, for the good of others. In other 
words, there is plenty of room for all if 
the industry as a whole is on a sound 
basis. 

The American Construction Council 
seeks to bring together these component 
parts of a great whole at its meeting held 
twice every year, and to bring about co- 
operation towards ends which will serve 
the industry as a whole. We have, for in- 
stance, assisted and encouraged the na- 
tional effort to end as far as possible, the 
seasonal features of building to eliminate 
the peaks and valleys, and to encourage 
construction operations spread throughout 
the year. 

To assist along these lines the Council 
in accordance with resolutions adopted at 
its Spring meeting is forming jointly with 
the American Railway Association, a 
general co-ordinating *ommittee which 
will include representatives of appropriate 
branches of the industry for the purpose 
of conducting a unified campaign of pub- 
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licity for the country as a whole on the 
elimination of construction peaks and de- 
pressions. 

The Council has been engaged for sever- 
al years in a co-operative campaign to en- 
courage better building, having been the 
leader in this movement nationally. As 
an economic factor in our national life, 
the losses from poor construction, plus the 
appalling losses from unnecessary confla- 
gration would have paid the whole war 
debt of the United States and most of the 
European nations. 

The response from both the industry 
and the public to these efforts to promote 
sounder financing and better quality of 
construction has been most gratifying. 
Perhaps no other movement has received 
such enthusiastic support from the press 
of the country including editorial approv- 
al as has this. If the Council had done 
nothing else to the present time, it would 
have justified its existence many fold. 

In the last analysis the answer and the 
remedying of present conditions must be 
two fold. The construction industry itself 
must work together instead of at odds 
with itself, and under its leadership the 
public of the country must learn the es- 
sentials of right construction. It is, after 


all, not the steel men nor the brick men 


nor the lumber men, nor the masons, nor 
the carpenters, nor the plumbers who are, 
the constructors of modern homes in 
America. It is the general public in their 
homes, in their factories, in their trans- 
portation who decide when to build and 
how to build. 


If this co-operation of the industry as 
a whole which is so essential to real lead- 
ership is to mean what it should it is ob- 
vious that the many different branches of 
the industry itself must be properly or- 
ganized and equipped to carry out their 
respective functions, as some have already 
been endeavoring to do for example in 
working toward the elimination of certain 
wasteful methods. Then the entire indus- 
try with a united voice can reach the pub- 
lic in such a way as to focus an informed 
opinion upon its problems and thus secure 
the full measure of benefit that the pub- 
lic, in common cause with the industry, 
should receive. 


I should therefore like to picture to you 
the Council as a great educational and 
publicity force for the industry as a whole 
in reaching the public with regard to its 
problems. Its efforts along these lines 
should not be confined merely to particu- 
lar problems, such as Better Building, re- 
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duction of construction peaks and depres- 
sions, better highways, commercial arbi- 
tration and the like, important as these 
are: but they should center with these 
particular problems in the foreground, 
toward the development of the real con- 
cept of construction in the mind of the 
public. The lack of clear understanding 
by the public of the construction indus- 
try as an industry is the basis of its 
many difficulties. Certain research func- 
tions would naturally accompany this pro- 
gram of education. I am directing the at- 
tention of our governing body to consider- 
ation of ways and means of securing ade- 
quate support for this nation-wide move- 
ment. 


Being impartially constituted, non-profit 
making, and made up of all those inter- 
ested in any way in construction, the 
Council can handle these problems in 
their national phases much more effect- 
ively than any other agency in the indus- 
try and without its efforts being dis- 
counted on the basis of private gain. But 
at the same time it does not interfere in 
any way with the furtherance of proper 
trade interests by the respective branches 
of the industry. 


In this connection I might recall that 
the Council has recently adopted a num- 
ber of policies of far reaching importance 
in broadening its field of active service. 


To help bring its work into closer con- 
tact with the various districts of the coun- 
try and to make it more responsive to 
their needs and desires, it has already 
established a number of regional com- 
mittees covering areas paralleling in large 
measure the leading Federal Reserve 
Banking Districts of the country and the 
plan looks ultimately toward establishing 
them throughout the country. As a phase 
of this movement to keep in the closest 
possible touch with the different parts of 
the country, the policy has been adopted 
of holding the Council’s meetings in the 
various leading cities of the country. In 
line with this policy our annual meeting 
is being held this year in Chicago. 


In conclusion, the work of the Council, 
I am happy to say, is going forward ina 
very gratifying manner recognizing that 
its services from their very nature are 
sometimes intangible. But they are none 
the less real in bringing results that are 
translated into dollars and cents for all 
those who have a legitimate part to play 
in construction or are in any way inter- 
ested in it. 
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RESOLUTIONS OF STATE HIGH- 
WAY OFFICIALS 


Following are the resolutions adopted 
at the Eleventh Annual Convention of the 
American Association of State Highway 
Officials at Detroit, Mich., Nov. 18, 1925: 

Favoring Continued Federal Aid 

Whereas, The appropriations now au- 
thorized by Congress for the purpose of 
carrying out the provisions of the Federai 
Highway Acti do not extend beyond the 
fiscal year to end June 30, 1927; and 

Whereas, Appropriations beyond said 
fiscal year 1927 should be authorized for 
such periods in advance as to enable the 
State highway departments so to plan 
their construction as to best utilize such 
appropriations when they shall become 
available; now, therefore, be it 

Resolved, That it is the sense of this 
Association that Congress at its ensuing 
session should authorize further appro- 
priations for said purpose for the fiscal 
years to end June 30, 1928 and 1929, re- 
spectively, and that the appropriations so 
authorized should be at the rate of eighty 
million dollars for the co-operative con- 
struction of rural post roads and eight 
million dollars for the construction of for- 
est roads for each of said fiscal years 1928 
and 1929. 


Opposing Reduction of System of Federal- 
Aid Highways 


Whereas, The system of Federal-aid 
highways selected and designated by the 
highway departments of the _ several 
States and approved by the Secretary of 
Agriculture of the United States pursuant 
to the provisions of Section 6 of the Fed- 
eral Highway Act, embraces those high- 
ways in each state, selected after careful 
study, which will provide a properly cor- 
related and connected system and best ac- 
commodate local and farm to market traf- 
fic as well as state and interstate traffic; 
and 
“Whereas, Any reduction in said system 
of highways as now selected and approved 
would tend to break the continuity of said 
system and might so restrict the same 
that many communities served by high- 
ways now rightfully included therein 
would be deprived of such service; now, 
therefore, be it 

Resolved, That this association is op- 
posed to any plan which has for its pur- 
pose a reduction in the system of Federal 
aid highways as now provided for in Sec- 
tion 6 of the Federal Highway Act. 
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Approving Uniform Marking System 
Be It Resolved, That we express appre- 

ciation for the work of the Joint Board 

appointed to select a system of transcon- 
tinental and intersectional highways to be 
uniformly marked and equipped with uni- 
form safety devices and also for the valu- 
able co-operation given said Board by the 
Bureau of Public Roads. 


Favoring Increase Limit Per Mile on Fed- 
eral Roads 

Be It Resolved, That the bill (H. R. 
6133, 68th Cong. 2nd Ses.) introduced in 
Congress by Hon. Don F. Colton, of the 
State of Utah, as amended by the sub-com- 
mittee of the Committee on Roads of the 
U. S. House of Representatives and em- 
bodied in the report of said sub-committee 
to the full committee under date of Febru- 
ary 13, 1925, is approved by this associa- 
tion and its passage urged upon the Con- 
gress, except that it is the sense of this 
association that said bill should be 
amended to change further the limitations 
on the payments of Federal funds per 
mile which the Secretary of Agriculture 
may make so as to permit the Secretary 
of Agriculture to make payments above 
said limitations per mile in the case of 
any project which, by reason of density 
of population or character and volume of 
traffic, the State Highway Department and 
the Secretary of Agriculture may deter- 
mine should be improved with a surface 
of greater width than 18 ft. 

Urging Uniform Directional Signs 

Whereas, It is generally recognized that 
uniform directional signs and safety de- 
vices will greatly facilitate and safeguard 
traffic upon our highways; now, fhere- 
fore, be it 

Resolved, That this association urges 
that each State, county and township 
erect upon the highways under their juris- 
diction, respectively, uniform directional 
signs and safety devices approved by the 
State highway departments and the Fed- 
eral Government. 


Expressing Satisfaction With U. S. Bu- 

reau of Public Roads Co-operation 

Whereas, We are approaching the close 
of the first decade of co-operative road 
construction work conducted by the States 
and the Bureau of Public Roads of the 
U. S. Dept. of Agriculture under the pro- 
visions of the Federal-aid road act of July 
11, 1916, and acts amendatory thereof; 
and 

Whereas, Public roads constitute the 
primary means of transportation for agri- 
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culture, our largest single industry, now, 
therefore, be it 

Resolved, That the American Associa- 
tion of State Highway officials, after ten 
years’ experience in co-operative work 
with the Bureau of Public Roads as it 
functions under the supervision of the 
Secretary of Agriculture of the United 
States, hereby expresses complete satis- 
faction with the manner in which said 
Bureau has conducted its co-operative 
work with the States and commends the 
. spirit of friendly helpfulness and the de- 
sire for increased administrative efficien- 
cy manifested at all times by the Bureau 
of Public Roads in its relations with the 
States. 

Urging Uniform Forms for Contractors 

Whereas, The Executive Committee of 
the American Association of State High- 
way Officials on May 23, 1925, received 
and approved the report of its Committee 
on Co-operation with Contractors, recom- 
mending the uniform use of standard 
questionnaires as recommended by the 
Joint Conference on Construction Prac- 
tices; and 

Whereas, The letter ballot authorized 
by the Executive Committee approved 
said forms; and 

Whereas, Your Committee on Co-opera- 
tion with Contractors feel the uniform 
and definite use of said questionnaires 
will greatly assist the State highway offi- 
cials in dealing with contract problems; 
therefore, be it 

Resolved, That we urge the prompt 
adoption and uniform use of the forms 
by the various States. 
Commends Grade Separation Plan of New 

York State 

Whereas, The State of New York at the 
recent election, by popular vote author- 
ized a state-wide policy of railroad grade 
crossing elimination, and the funds nec- 
essary to carry on a large and continuous 
annual program which will wipe out three 
to four thousand dangerous crossings; be 
it 

Resolved, That this Association record 
its deep interest in this advanced public 
policy and extend to Gov. Smith, the State 
Highway administration, and the people 
of the State, its sincere approbation of 
the successful outcome of this very im- 
portant issue. 
Recommends Adequate Salary for Chief 

of Bureau of Public Roads 

Whereas, The improvement of high- 
ways is now a major activity of the State 
and Federal governments, involving the 
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expenditure of stupendous sums of public 
funds each year; and ; 

Whereas, The efficient and economical 
administration of the public funds pro- 
vided for that purpose requires that the 
chief executive officer of each State and 
of the Federal Government charged with 
the responsibility of administering said 
funds shall possess technical and execu- 
tive ability of a high order and should 
receive a salary commensurate with such 
responsibilities; and 

Whereas, The salary of the Chief of 
the Bureau of Public Roads is less than 
that received by the Chief executive offi- 
cer of the highway departments of many 
of the States; therefore, be it 

Resolved, That it is the sense of this 
Association that the salary of the Chief 
of the Bureau of Public Roads should be 
substantially increased and it is urged 
upon the Congress that such action be 
taken as may be necessary to accomplish 
same. 





DATA ON MOSQUITO CONTROL 
METHODS 


(Editor’s Note: Following is the full 
text of the report of the Committee on 
Mosquito Control, Sanitary Engineering 
Section, American Public Health Associa- 
tion, presented at the annual meeting of 
the Association at St. Louis, Mo., on Oct. 
19-22, 1925. Mr. L. E. Jackson, Executive 
Secretary of the Hudson County Mosquito 
Extermination Commission, Jersey City, 
N. J., is chairman of the committee). 


Mosquitoes were unusually rampant in 
practically all sections of the country: dur- 
ing the past summer. The chief cause 
was the weather, which greatly favored 
their production. There was enough rain 
in the North and West to provide ample 
breding places and long periods of humid- 
ity to favor the rapid production of the 
insects. The lack of rain in the South, 
however, intensified sewage pollution of 
streams resulting in a marked increase in 
Culex production. 

Observations in New Jersey developed 
the striking and disturbing fact that one 
result of such wet, humid weather was 
that the life cycle of two or three species 
of mosquitoes was found on several occa- 
sions to have been reduced from the usual 
warm weather period of seven or eight 
days to five days, which further ‘compli- 
cated matters. It was evidently a so- 
called insect year as flies, moths, and 
many other kinds of insects were reported 
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in enormous numbers very. generally 
throughout the country. One lesson of 
this trying season is that to satisfactorily 
meet such an emergency, mosquito fight- 
ing units must be so organized as to pro- 
vide for the greatest possible expansion. 

In its investigations of progress in mo- 
squito control throughout the country 
your committee has assembled the follow- 
ing data which is submitted for your in- 
formation: 

1. Operations were carried on very 
generally in 11 states. 


2. Activities in a limited degree were 
reported in 10 states. 

3. No control whatever has been un- 
dertaken in 27 states. 

Included in the first group are the fol- 
lowing states with a brief description of 
the principal features of anti-mosquito 
work: 

New Jersey 

The control work in New Jersey which 
has been thoroughly organized for some- 
time was continued this year along the 
same general lines as heretofore. The 
total amount of money expended for the 
year will be about $325,000, approximately 
the same as the preceding year. The 
most outstanding feature in the work in 


New Jersey during the past two or three 
years is the development of machinery 


for certain drainage operations. This 
year the construction of a ditch cutter 
was completed by the State Experiment 
Station which is designed to cut the regu- 
lation straight-sided ditch adopted as the 
standard in that state. The cutting and 
tractor units are combined with one 
power plant of 45 horse power. A 5-ton 
Holt Tractor was remodeled so as to pro- 
vide caterpillars with 4-ft. treads and a 
15-ft. wheel base upon which the cutting 
device is mounted. The cutting is done 
by 36 steel buckets carried on an endless 
chain belt. The sod removed is chewed 
up and spread overan area 30 ft. in 
width which it is claimed will prevent 
blockage often occurring by sods being 
washed back into the ditch. The usual 
chain drive has been improved upon by 
the installation of a direct steel gear drive 
of great strength. The total weight of 
this sturdy machine is 12 tons, but it is 
interesting to note that the ground pres- 
sure is only 1% lbs. per sq. in., which is 
about equal to that of a man of average 
weight. The machine is so sensitive that 
it can be operated by one man although 
the use of two is planned. Experiments 
indicate a speed of 40 ft. per minute and 
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the cost per foot per ditch cut as some- 
what less than % ct. as compared with 
1% cts. for the type of machine now in 
use and 3 cts. for handwork. It can read- 
ily be seen that great economy will be 
effected with the saving of approximately 
70% in the cost of ditching and an in- 
crease in the number of feet cut. The 
cost of the experimental machine was $10,- 
000 but it is believed that it can be re- 
produced for about $8,000. The official 
test of the machine will be held in the 
early part of November. 

There has been no change in the de- 
sign of the ditch cleaning machine, but 
certain refinements have been worked out 
by the designer recently involving the 
more extensive use of steel. The im- 
proved machine will probably cost be- 
tween $4,000 and $4,500. The use of the 
machine in cleaning work, however, will 
effect a great economy even at that price. 
Machines were successfully operated in 
the season just closed in five counties in 
New Jersey. 

In relation to methods of raising funds 
for mosquito control work, it is interest- 
ing to note that the State law, under the 
provisions of which control operations are 
carried on by county units, which statute 
has been widely discussed as being a 
model of anti-mosquito legislation, was 
recently supplemented by the passing of 
an act enabling county Boards of Free- 
holders to bond a county when the need 
exists up to the sum of $300,000. The 
Chamber of Commerce of one county in 
which work has been backward is supporf- 
ing a movement seeking the appropria- 
tion of $200,000 under the terms of this 
act for the purpose of completing salt 
marsh drainage. 

Florida 

Considerable interest in mosquito con- 
trol work has been shown in Florida. The 
Florida Anti-Mosquito Association suc- 
ceeded in getting a bill passed at the last 
Legislature enabling any community to 
organize a mosquito control district. The 
Bill is similar to those in vogue in New 
Jersey and California. Two communities 
in the State are preparing to avail them- 
selves of the provisions of this new act. 
There are several cities engaged in anti- 
mosquito control work, although interest 
in the State as a whole has somewhat 
subsided for the present owing to the 
tremendous activity in real estate. Thou- 
sands of acres of swampy and low lands 
have been reclaimed by hydraulic fill 
methods during the past year. The pres- 
ent land development programs of neces- 
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sity include thorough drainage and are 
perhaps doing more for the actual con- 
trol of mosquitoes than all the educa- 
tional propaganda formerly promulgated. 
Mississippi 

In Mississippi there are some 40 towns 
engaged in anti-mosquito operations, 
principally from the standpoint of ma- 
jaria control, although considerable ac- 
tivity is directed against the pestiferous 
mosquito also. The highest death rate 
for malaria obtains in this state, but a 
marked reduction of malaria has resulted 
from the work in several counties. There 
are 12 active full-time county health de- 
partments engaged in mosquito work. 

Texas 

In Texas, in addition to the border cam- 
paign, many towns are doing mosquito 
control work. The state department of 
health has an appropriation of $10,000 for 
this work, supplemented by outside agen- 
cies. The Engineering Division directs the 
work through an expert, who organizes 
local forces for surveys and actual opera- 
tions, under municipal ordinances made 
for the purpose, which are financed by 
each locality. With this procedure more 
or less intensive work is carried on in 
over 100 communities, resulting in a very 
material reduction of malaria cases. The 


top-feeding minnow is also used exten- 


sively. In order to obtain the maximum 
of efficiency in the work a school of sani- 
tarians is held each year, the attendance 
at a recent four days’ session of which 
was 500; 36 towns employ whole-time in- 
spectors and in 62 towns part-time in- 
spectors are engaged in the work. 

The Cotton Belt, the Missouri Pacific 
and the Rock Island Railroads are work- 
ing in co-operation with cities and towns 
along their lines in malaria mosquito 
eradication campaigns. With the devel- 
opment of these plans practically every 
railroad west of the Mississippi in Texas, 
Arkansas and Louisiana will be conduct- 
ing campaigns of their own or supporting 
the health authorities in this work. It is 
interesting to note that an anti-mosquito 
demonstration was conducted under the 
joint auspices of the Missouri Pacific Rail- 
road, the Arkansas State Bankers’ Asso- 
ciation and the State Board of Health, 
thus securing the co-operation of the 
banking and agricultural interests. 

The following information in relation 
to the “Mexican Border Campaign” was 
furnished by Col. Joseph A. Le Prince, 
Senior Sanitary Engineer, United States 
Public Health Service, who directed that 
very excellent work: ‘The operations in- 
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cluded 68 villages and towns in the trian- 
gular area between Brownsville, Del Rio 
and Corpus Christi. The problem was the 
control of mosquitoes breeding in contain- 
ers to prevent “stegomyia” production. 
It included the inspection of 108,500 
premises where 16,800 barrels were used 
for water storage; 64 per cent of them 
were eliminated and 86 per cent of those 
remaining were protected against breed- 
ing; 5,800 cisterns were under inspection, 
of which 73 per cent were protected per- 
manently against breeding. In May, 1925, 
less than 1 per cent of all containers were 
producing any kind of mosquitoes. 

As you no doubt know, this border cam- 
paign was conducted for the purpose of 
preventing yellow fever from entering the 
United States from the fever-ridden coun- 
try to the south, and was a striking suc- 
cess. 

Alabama 

In Alabama control work has been un- 
der way for 10 years, organized largely 
through County Health Officers. In 1922 
regulations affecting the impounding o) 
water were passed and have been rigidly 
enforced. Control work has been carried 
on in 23 counties. The cost in 1924 was 
$33,000; 1,100 places were stocked with 
top minnows. Extensive educational cam- 
paigns were also carried on. It is inter- 
esting to note that the Muscle Shoals 
pool covers an area of 17,500 acres and 
is under control. <A larger one with an 
area of 38,800 acres is under construction. 

Forty cities and towns in Georgia are 
doing malaria control work, with addi 
tional activities in certain rural sections. 

The states included in the second group 
have shown only a minor death rate from 
malaria in recent years, except in the 
case of Kentucky. 

.There is a limited personnel attached 
to the Board of Health in Kentucky and 
their attention is directed to intestinal 
diseases rather than to that of malaria. 

In Massachusetts control operations 
have been carried on for a number of 
years in certain sections by the Massachu- 
setts Society for the Control of Mosqui- 
toes, embracing educational measures con- 
ducted with the idea of eliminating the 
house mosquito. Some salt marsh work 
was done, the most notable of which was 
on Cape Cod, in a fight to control mosqui- 
toes said to assume fantastic proportions. 

Anti-malaria work was carried on in 
three communities in Maryland with sat- 
isfactory results. 

New York 
In New York state intensive control 
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has been limited to Nassau County, 
where the work has been conducted since 
1916 by the County Mosquito Extermina- 
tion Commission along the same general 
lines as in New Jersey. Excellent re- 
sults have been obtained, their annual 
expenditures ranging from $50,000 to $80,- 
000. Inspection and maintenance, both 
essential to success, are systematically 
carried on. 

In New York City a very limited 
amount of anti-mosquito work has been 
done in recent years, due, strange to re- 
late, to insufficient funds being appropri- 
ated. 

Illinois 

In Illinois the 12 most southern coun 
ties are considered by the State Depart- 
ment of Health as the “malaria belt.” 
Mosquito control was started by the State 
Department of Health in 1922 and at the 
present time there are 12 cities conduct- 
ing mosquito campaigns. The activities 
in mosquito control this year have been 
greater than in all previous years. An 
intensive campaign, inaugurated by the 
Gorgas Memorial Institute, which organ- 
ization made the survey and organized 
the forces of the several communities in 
one unit and is directing operations, was 
conducted this summer in Chicago and its 
suburbs, with very satisfactory results. 
The problem there is chiefly one of river 
and creek breeding on a rather large 
scale because of the employment of the 
streams as sewage outlets. House to 
house inspections conducted by 400 Boy 
Scouts showed the average of 40 per cent 
of houses breeding mosquitoes. Extensive 
control work was done by the Sanitary 
District of Chicago in the territory under 
its supervision, at a cost of $25,000. 
There has also been organized an Anti- 
Mosquito Board of Metropolitan District, 
composed of leading physicians and busi- 
ness men. Rather interesting from the 
standpoint of financing is the information 
that a campaign for raising funds was 
put in operation in the suburbs early in 
the year, with the women selling “A Dol- 
lar’s Worth of Comfort” in the form of 
tags telling that the purchaser had con. 
tributed to the common cause in the war 
on mosquitoes. 

Virginia 

In Virginia there are 25 towns doing 
control work. The cities of Norfolk and 
Portsmouth are maintaining the control 
of breeding in the reserve water supplies. 
“Anopheles quadrimaculatus,” the only 
vector of malaria in the State, has been 
found breeding only in ponds. Pond con- 
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trol has been found to be more economic 
and effective through fluctuation of the 
level. That is, the water in ponds under 
control is held at as high a level as pos- 
sible throughout the winter, and lowering 
is commenced about June 15. Where good 
fall is possible 1 ft. is run out, and, when 
breeding resumes, another foot. Two or 
three droppings of the pond’s surface of a 
foot each has always given control of 
“anopheles” breeding. 


Missouri 


In Missouri the problem of mosquito 
control and malaria prevention is prac- 
tically limited to the southeast section 
of the State. The problem appears to be 
one of ditch maintenance. Surveys are 
being planned to prove this point, and if 
that fact is established it is expected that 
a campaign will be inaugurated for prop- 
er ditch maintenance. A survey of an 
impounded water project, on which con- 
struction work has begun, is being con- 
ducted with the co-operation of the 
United States Public Health Service. It 
is planned to conduct these surveys on all 
new projects developed. 


A limited amount of work is conducted 
by the State Experiment Station in Con- 
necticut. 


In Rhode Island control work is carried 
on in several cities and towns, principally 
in Providence, where operations have 
been conducted for 12 years, including 
the establishment of permanent drainage 
systems. Aid has been extended to the 
several communities by the _ State, 
amounting to $40,000 in 1923 and $20,000 
in 1924. 

California, one of the first states to take 
up the fight against mosquitoes, is carry- 
ing on control operations in 17 abatement 
districts. The top-feeding minnow was 
introduced in 1922 with excellent results. 

In some of the states of the third group 
we find that there is no mosquito prob- 
lem; in others, Culex mosquitoes are 
prevalent, and in still others there is 
Anopheles production, with a consequent 
slight malaria problem receiving no atten- 
tion. 

It is interesting to note that in response 
to a growing demand along the Gulf Coast 
of Texas, Louisiana, Mississippi, Alabama 
and Florida for freedom from Aedes sol- 
licitans, the Division of Entomology of 
the United States Department of Agricul- 
ture has started the study and investiga- 
tion of the problem. It is understood 
that the object of this movement is to 
make the Gulf Coast country attractive 
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by freeing it from the mosquito pest, 
which will greatly enhance property 
values, as in any community. 

Anopheles control, which was started in 
the South by the United States Public 
Health Service in 1914, and carried to 13 
states, is now being supervised by the 
State Health Departments. Requests for 
advisory assistance from _ incorporated 
communities have increased to such an 
extent as to greatly exceed the capacity 
of the Health Departments in some cases, 
due to insufficient personnel. 

The expansion of anti-mosquito opera- 
tions in the various sections of the coun- 
try indicate the favorable tred of public 
opinion toward the elimination of this of- 
fending insect, be she of the malaria car- 
rying species or of the pestiferous branch 
of the family. In the South, as well as 
in the North, the principal object is that 
of conserving the efficiency of the individ- 
ual and securing the benefit of comfort. 
In both regions campaigns are inaugu- 
rated every now and then and additional 
communities secure relief from an unnec- 
essary evil. 

The mosquito problem in all its phases 
is so definitely linked with sanitation 
problems that the sanitary engineer, 
whether engaged in governmental or in- 
dustrial operations, may often give an 
campaign its’ inception 


anti-mosquito 
when he sees the need for control in a 


community where no initial work has 
been done. The phase of the work in 
which his counsel would be especially val- 
uable is that affecting the breeding of 
mosquitoes on private property, which re- 
sulted during the past summer in the 
emergence of vast hordes of mosquitoes 
throughout the country. 

Another field which, because of its tem- 
porary nature, may be overlooked, is that 
of the tourist and organization camps, in- 
creasing in numbers each year in many 
states. We hear of considerable activity 
in the prevention of typhoid in such 
camps, but in the twilight, when the ty- 
phoid inspectors have ceased their labors, 
such a camp may become a popular resort 
for mosquitoes which have wriggled un- 
noticed into existence in some near-by 
pool of clear spring water, a favorite hab- 
itat of the malaria-carrying branch of the 
family. 

Educational Work 

Assuming that anti-mosquito forces of 
a community were to eliminate or place 
under control all the known breeding 
places, the fight would not be won unless 
there were obtained the serious co-opera- 
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tion of each individual householder by the 
elimination of breeding places on his own 
premises, of the existence of which an- 
other would generally have no knowledge. 
There is, of course, nothing new to you 
in this fact, but we desire to stress the 
point for the reason that as mosquito con- 
trol work advances toward completion, 
this phase of the subject must be given 
special attention, and an intensive cam- 
paign of education and publicity should 
be co-ordinated with active operations. 
The fact that a full measure of relief and 
comfort cannot be obtained unless he pre- 
vents breeding on his property must be 
emphatically and continuously brought 
to the attention of the individual. 

News articles and talks to a limited 
number of people are not sufficient. The 
Committee invites attention to the fol- 
lowing by way of suggestion: One me- 
dium employed in New Jersey was the 
showing of a motion picture reel, not to 
clubs or lectures, but in practically every 
motion picture house in the State. An- 
other was issuing to the higher grades of 
all schools of a mosquito manual espe- 
cially prepared for the purpose. Seeking 
a new angle with a novel touch, Hudson 
County inserted a number of display ad- 
vertisements in the leading newspapers, 
calling upon every one to clean up breed- 
ing places and attaching the slogan, “No 
Water, No Mosquitoes,” which brought 
forth comments that would indicate they 
had received serious attention, a condi- 
tion that did not prevail in the case of 
news articles. Local ordinances have 
been passed in some states making mos- 
quito breeding a misdemeanor. A state 
law to that effect would be far-reaching 
and prove very valuable if enforced. 

In 1922 and 1923 the physicians of a 
city in Georgia took an active interest in 
the educational phase of the work as part 
of an extermination campaign, with good 
results. Boy Scouts were used to excel- 
lent advantage in house to house inspec- 
tion in and about the city of Chicago, 
this year, as previously mentioned. 

In a community where no inspection 
force is employed for the purpose of locat- 
ing mosquito breeding places, the police 
could report the accumulation of water 
in the open places and the services of 
both Boy and Girl Scout units could be 
enlisted to inspect the water, both in the 
open areas and on private property, re- 
porting the breeding places found to the 
local Board of Health. Where the Scouts 
have been used for that work great inter- 
est has developed in their organization 
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by their being given an opportunity to 
take part in public health work and con- 
siderable benefit has resulted which oth- 
erwise would not have been attained, due 
to the impossibility of the health forces 
being expanded to include this work when 
the need for it became apparent. 


The following side lights, being rather 
interesting, are furnished for your infor- 
mation: 


A member of your Committee relates 
that while a passenger on a fog-bound 
steamer five miles off the Massachusetts 
coast, in the latter part of August, he 
found sollicitans so troublesome as to be 
almost unbearable. 


Proceeding farther north, the McMillan 
Polar Expedition reported in July, from 
its station on the east coast of Labrador, 
that mosquitoes were so annoying as to 
render sleep almost impossible for several 
days. It was stated that some of the 
men sought relief by climbing to the top 
of the ship’s mast, by which action they 
imitated the custom of the Egyptians in 
early ages making their homes in towers 
to escape the onslaught of mosquitoes. 


A bit of news which reached the Com- 
mittee as to malaria conditions abroad is 
that there were 5,000,000 cases reported 
in Russia in 1924. 

For their courteous assistance the Com. 
mittee extends its thanks to Col. J. A. Le 
Prince, Senior Sanitary Engineer of the 
United States Public Health Service, and 
the Sanitary Engineers of the several 
State Boards of Health, who have sup- 
plied information as to conditions pre- 
vailing in their territory. 





RECENT HIGHWAY RESEARCH 
DEVELOPMENTS 


By Charles M. Upham, Director of the High- 
way Research Board, National Research 
Council, Washington, D. C. 

(Editor’s Note: The following address 
by Mr. Upham was presented at the 1925 
meeting of the American Association of 
State Highway Officials at Detroit, Nov. 
18-21.) 

In the development of every science 
there are certain periods which stand out 
as epochs in the progress of that science. 
Just as the Bates Road, the Pittsburg 
(Calif.) and the Arlington tests were 
distinct developments in the science of 
highway construction, so the investiga- 
tions financed by industrial concerns and 
conducted under the auspices of the High- 
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way Research Board of the National Re- 
search Council mark a new era in high- 
way research. There are now several of 
these studies under way, and in every 
case they are concerned with a moot prob- 
lem in highway work which no state high- 
way department or industrial organiza- 
tion would ordinarily conduct alone. The 
studies undertaken are national in scope, 
and the Highway Research Board offers 
auspices under which such work may be 
carried on that is scientific in character 
and impartial in its findings. It is grati- 
fying to note that the Board has secured 
the fullest co-operation from the _ state 
highway departments and other organiza- 
tions engaged in highway research in the 
prosecution of the studies it now has un- 
der way. 


Economic Value of Steel Reinforcement 


The first such study to be undertaken 
by the Board was that on the Economic 
Value of Steel Reinforcement in Concrete 
Roads. In connection with this work, 
careful field inspections have been made 
in every section of the country, and in- 
formation is now available which covers 
all conditions of service and is represen- 
tative of every State in the Union. The 
final report on this investigation, which 
will be presented at the Fifth Annual 
Meeting of the Highway Research Board 
in December, will be the most complete 
study of reinforced concrete roads ever 
undertaken. It is expected that as a re- 
sult of this investigation the matter of re- 
inforcement in concrete roads will no 
longer be a moot question. 


Earth Roads 


Another investigation being conducted 
under the auspices of the Highway Re- 
search Board, and one which will be of 
utmost importance to the public for many 
years to come, is that on the Development 
of Earth Roads. Although the title of 
this investigation appears to limit its 
scope, the object is to determine some 
type of road surface that will be low in 
first cost and maintenance and suitable 
for light traffic. Thus far, only the pre- 
liminary stages of this investigation have 
been made, but these show what has been 
done and what is now under way in at- 
tempts to solve this problem. Field in- 
spections will soon be undertaken which 
will indicate further research needed in 
order that methods may be evolved which 
will, at comparatively small expense, put 
our secondary roads in proper condition 
to serve as feeders to our main high- 
ways. 
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Culvert Pipe 


Much interest has been shown by engi- 
neers in the Culvert Pipe Investigation. 
By means of correlation of existing 
studies and by field inspections, it is 
hoped to determine the proper basis of 
comparison for evaluating the life, useful- 
ness and economic value of different types 
of culverts and small drainage structures 
in use. Engineers will then have scien- 
tific data on which to base their decisions, 
thus replacing the uncertainty which now 
exists in the design of this important 
part of the highway. 

State Highway Financing 


The state highway departments have 
responded splendidly to the study of the 
Urban Highway Finance problem also be- 
ing conducted under the auspices of the 
Highway Research Board. This investi- 
gation is of great interest and importance 
to the general public as well as to engi- 
neers, as it treats of the relation of the 
city dweller to rural highway finance and 
of the financial aspects of widening of 
city streets and of city traffic control. In 
addition to the studies enumerated, the 
Board has been requested to undertake 
similar researches looking toward the so- 
lution of certain problems in highway en- 
gineering. 

The activities of the Highway Research 
Board have not been confined solely to the 
solution of technical problems. In addi- 
tion, considerable work has been done in 
acquainting the public at large with the 
economic value of highway research and 
the desirability and need for giving sup- 
port to this type of work—both from the 
local, as well asthe national standpoint. 
This has been carried on through radio 
addresses and by newspaper and technical 
articles. Plans are under way for devel- 
oping this work to an even greater ex- 
tent, as it is felt that the promotion of 
highway research can only continue as it 
has public support which is based upon a 
knowledge of the sound economic value of 
this work. 

College Relations 


In addition to its contact men from the 
state highway departments, the Highway 
Research Board recently enlarged its 
sphere of activities by securing represen- 
tatives from the universities and colleges 
throughout the United States. This makes 
possible not only a closer cooperation be- 
tween the Board and the universities con- 
ducting highway research, but also serves 
as a means of bringing to educational au- 
thorities and to engineering students in- 
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formation concerning the work being car- 
ried on throughout the country on high- 
way research. Since these representa- 
tives have been named, there has been 
much evidence of a desire on the part of 
the universities to assist in the develop- 
ment of the highway research program 
and many requests have been received for 
information and guidance as to how they 
may cooperate in this important work. 

Another significant development has 
been the extension of contacts with the 
Latin American countries which are now 
developing programs of highway construc- 
tion. The Highway Research Board has 
felt that by giving to these organizations 
the benefits of accumulated highway re- 
search not only would this be of advan- 
tage to the cause of research in the 
United States, but it would serve to de- 
velop more fully our international rela- 
tionships. 


Highway Research News 


A recent development, which has been 
receiving a splendid reception from high- 
way research workers, is the issuance by 
the Board of a Bulletin twice a month 
known as Highway Research News. The 
object of this publication has been to 
weld together highway research personnel 
throughout the country; acquaint re- 
search workers with what is going on in 
their particular field of work; encourage 
them to avail themselves of the services 
of the Highway Research Board in connec- 
tion with their studies; and incidentally 
to acquaint the public at large of the eco- 
nomic value and significance of highway 
research. 

A policy which the Highway Research 
Board hopes to put into full effect during 
the coming year is the employment of 
technical assistants to give full time to 
the work of research committees. It is 
well realized that committee members are 
very busy men and cannot devote the time 
necessary for the detail committee work. 


Summary Bulletin 


A very enthusiastic reception has been 
accorded the Summary Bulletin which 
which was issued by the Highway Re- 
search Board, giving in concise form the 
principal facts of highway research which 
may be practically applied as presented 
at the last two annual meetings of the 
Board. It has been found necessary to re- 
print the first issue of this Bulletin, a to- 
tal of 8,000 copies having been distributed. 
This would indicate that the Summary 
Bulletin is an outstanding contribution 
in the presentation of the finding of high- 
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way research to all persons engaged in 
this field. 


During the past year, considerable in- 
crease has been noted in the number of 
requests for information received by the 
Board concerning many matters of High- 
way Research, thus indicating that the 
information service conducted as a part of 
the work of the Board is really establish- 
ing this organization as a national clear- 
ing house for all matters pertaining to 
highway work. 


Another important development during 
the past year has been the summarization 
of highway research progress that is be- 
ing made by the United States Bureau of 
Public Roads and which is appearing in 
Public Roads, the research journal issued 
by that organization. These studies bring 
together the results of highway research 
in particular fields, thus giving the high- 
way research worker a perspective of 
what has been done in that field and 
serving as an incentive for the continua- 
tion of further studies. Mention should 
also be made of the research done by the 
Bureau in connection with highway con- 
struction operations, a subject of vital im- 
portance, and one which has long been 
neglected. These studies have revealed 
the reasons why production in highway 


building so commonly fails to reach levels 
theoretically possible. 


The contacts of the Highway Research 
Board with the state highway depart- 
ments show that they recognize that the 
results of highway research are of nation- 
al rather than of local importance. The 
departments have evidenced a desire to 
avoid duplication of effort and a willing- 
ness to place into immediate practice re- 
search results from other states that may 
be adapted to their local conditions. The 
investigations by the Highway Research 
Board have brought to light considerable 
material which would not otherwise have 
received the wide currency that will be 
given to it as a result of being included in 
one of these national studies. 


The excellent spirit of cooperation 
shown by the state highway departments 
is evidence that the Highway Research 
Board of the National Research Council 
is meeting a need among the states for a 
national agency to coordinate highway re- 
search throughout the country and to 
serve as a clearing-house for all highway 


research matters. 
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PRESIDENT OF A. A. E. ADDRESSES 
FRANK LETTER TO MEMBERS 


(Editor’s Note: The following frank 
letter was addressed to the members of 
the American Association of Engineers, 
under date of Dec. 9, 1925, by D. B. Stein- 
man, President of the Association. Mem- 
bers of Associations frequently need such 
letters but so far as we know this is the 
first time they ever got one. After watch- 
ing the antics of the A. A. E. in recent 
years we are of the opinion that the af- 
fairs of the organization are greatly in 
need of, and can scarcely be injured by, 
the very frankest sort of discussion. The 
full text of the letter follows: ) 

This is a plea for a corrected perspec- 
tive and sense of proportion. 

There are members in our organization 
who are acting like a lot of kids in a 
high-school literary society, expending 
their time, energy and enthusiasm on 
fighting over by-laws and amendments. 

The same energy and enthusiasm de- 
voted to furthering the fundamental aims 
and purposes of our Association would 
accelerate accomplishment and would 
make A. A. E. the outstanding success in 
the history of professional organizations. 

The elected leaders of the Association 
cannot do their best work in conceiving 
inspiring and directing worth-while activ- 
ities when their energy is sapped and 
their time is consumed in the necessity of 
fighting misguided attacks from within 
the organization. 


A review of the past history of our As- 
sociation shows an undue proportion of 
distraction and controversy over questions 
of dues, by-laws and amendments. The an- 
nual conventions, with their dreaded pe- 
riodic agitations of constitutional changes, 
have left their scars in the form of weak- 
ened unity within the organization and 
weakened standing in the profession. 


The National Officers and Directors, who 
are elected representatives of the member- 
ship and who are therefore responsible 
for the success of the Association, real- 
izing that the conditions above described 
have been impeding the growth and re- 
tarding the success of the organization, 
have courageously effectuated such 
changes in the by-laws as they conscien- 
tiously felt were necessary for the smooth- 
est most efficient, and most successful op- 
eration of the Association in the future. 


The major changes, made, those relat- 
ing to separation of dues, were approved 
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in advance by an overwhelming vote of 
the membership. 

Other relatively minor changes were 
made at the same time, so as to clean up 
this matter of constitutional changes, in- 
stead of leaving it like a Sword of Damoc- 
les hanging over the Association. With 
the definite settlement of the petty con- 
troversial questions in such manner as 
will lead to the simplest and smoothest 
operation of the organization in the fu- 
ture, the decks have been cleared for ac- 
tion. The energies of the Association 
have been released for more important 
things than perennial controversies over 
dues, by-laws and amendments. 


With a distorted sense of proportion, 
with a twisted perspective that is focused 
only on by-law controversies, some mis- 
guided members are violently protesting, 
and their hasty and one-sided protests 
are taking the form of ill-advised attacks 
that can only tend to weaken or wreck 
the organization. 

The elected national officers and direc- 
tors are held responsible for the success 
of the organization. There should be no 
responsibility without authority and con- 
fidence. Surely, engineers of all men, 


should recognize this principle. 
The protests declare that the national 


officers and directors have amended the 
by-laws so as to increase their own au- 
thority and powers. This is a misrepre- 
sentation or a misconception. Granting, 
however, for the sake of argument, that 
the officers have increased their powers, is 
that sufficient ground for agitation that 
endangers the life of the organization? 

The important consideration is not the 
amount of power the officers have, but the 
way in which that power is used. 

When you find that any officer abuses 
his power for selfish interests at the ex- 
pense of the Association, that is the time 
to raise a howl of protest. 

When you find that any officer attempts 
to pervert the purposes of the Association, 
that is the time to awaken your fellow- 
members to action. 

When you find that any officer is guilty 
of dishonesty or graft, disloyalty or sel- 
fish misrepresentation, that is the time 
to fight for his removal. 


But as long as your elected national of- 
ficers are sincere, honest and conscien- 
tious in their devotion to the interests 
of A. A. E., they are entitled to your con- 
fidence, loyalty and support. Until you 
find your elected officers selfishly abusing 
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their power, their sacrifices and sincere 
devotion entitle them to every fair con- 
sideration, certainly to freedom from un- 
founded suspicion, from misguided abuse, 
and from underground attack. 


Give your elected officers all the author- 
ity and power they are willing to take, 
and then hold them responsible for the 
honest and conscientious use of that 
power toward advancing the purposes of 
the organization. In judging the use or 
abuse of that authority, do not allow your 
focus to be distorted by petty questions of 
by-laws; the important test is the sin- 
cerity of purpose, the energy of accom- 
plishment. 


We have concentrated our attention too 
long on trivial and stupid controversies 
over by-law amendments. As an organi- 
zation of professional men, we have more 
important problems demanding our best 
thoughts and energies. Let us forget the 
childish disputes over amendments and 
press on, with a united front, toward 
worth-while achievement of our true pur- 
poses, 





ECONOMIC ASPECTS OF SNOW RE- 
MOVAL FROM HIGHWAYS 


A four month’s investigation covering 
snow removal has just been completed by 
the Caterpillar Tractor Company and the 
results of the survey incorporated in ‘““‘The 
Snow Removal Book”. 


The book covers practically every im- 
portant phase of the question, including 
work now being accomplished, organiza- 
tions interested, cost of snow removal, 
methods of financing, activities of civic 
organizations, snow removal and the high- 
way transportation industry, snow remov- 
al’and the automobile, special problems 
in western states, drift control, methods 
and organization in cities, snow removal 
equipment and many other related sub- 
jects. 


The book points out that, in the Snow 
Belt of the United States, it is estimated 
that there are now (1925) more than 134,- 
000 miles of public highways, surfaced 
with gravel or higher types of pavement 
at an estimated cost of $3,350,000,000, and 
used by 90,000,000 people. Following are 
extracts taken from the pages of “The 
Snow Removal Book”: 

The protection of this enormous public 
investment is but one of the many sound 
reasons for maintaining year-around trav- 
el. The saving in interest charges alone 
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may more than justify the expense of 
snow removal. 

In states collecting a gasoline tax, the 
increased revenue from motor vehicles 
that otherwise would be idle during the 
winter months, may exceed the entire cost 
of winter maintenance. 

This includes—in addition to damaged 
road-surfaces and losses on highway in- 
vestment—the interest charges on mil- 
lions of idle motor vehicles; winter de- 
pression in the oil, automobile-supply and 
related industries; increased costs and de- 
creased revenue in nearly all lines .of 
business added fire hazards; interference 
with travel; and untold inconvenience to 
the public in all walks of life. 

Merchants in cities and towns are the 
heaviest losers in this unequal game of 
chance. The estimated cost to New York 
retailers of a twelve-day tie-up resulting 
from a blizzard, was $60,000,000. A sin- 
gle storm in Chicago decreased the reve- 
nue of down-town stores to the extent of 
$20,000,000! These figures were arrived 
at by taking the average trade during the 
corresponding period for several years. 

During the winter of 1924-1925, nine 
states included their entire state system 
of highways in the snow removal pro- 
gram: Rhode Island, Connecticut, New 
Jersey, Pennsylvania, Delaware, Mary- 
land, Illinois, Iowa and Nebraska. Twenty 
seven other states carried out programs 
varying from a policy of snow removal 
only in the immediate vicinity of large 
population centers, to the clearing of prin- 
cipal through-routes. 

Definite snow-removal programs affect- 
ing more than 48,000 miles of road were 
reported by the State Highway Depart- 
ments of the 35 states that lie in the 
area where snow precipitation averaged 
20 ins. or more during the winter of 1924- 
1925, representing an increase in mileage 
of 36 per cent in two years! 

In the 36 states entirely or partially af- 
fected by snow blockades are concentrated 
nearly 75 per cent of the population; ap- 
proximately 63 per cent of the motor ve- 
hicles; and more than 53 per cent of the 
improved roads of the Nation. 

The National Automobile Chamber of 
Commerce estimated that early in 1925, 
in the 35 states of heavy snow fall, there 
were 4,479 bus companies operating 16,210 
buses, covering routes which served 112,- 
509 miles of highway. 

That the cost of snow removal has been 
greatly exaggerated in the minds of many 
persons is the contention of V. R. Burton, 
Engineer of the Michigan State Highway 
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Department. In an address at the an- 
nual conference on highway engineering, 
University of Michigan, February, 1925, 
he stated: 

“Kent County, Michigan, where the 
snow problem is very difficult, kept its 
roads open during the year 1924-1925 for 
less than $25 a mile. Snow removal is 
practically the only maintenance cost dur- 
ing the winter and does not exceed $100 
per mile in any Michigan county, with an 
average of about $30 for southern coun- 
ties. This compares to summer costs of 
about $75 to $150.” 

The difficulty of estimating costs, how- 
ever, is emphasized by many Officials, J. A. 
Duchastel, City Manager of Outremont, 
Quebec, says, “Probably no item of ex- 
pense is so uncertain and therefore so 
difficult to provide for in the budget.” 

Less accurate cost data are available 
from cities than from county and state 
officials, owing to the fact that snow re- 
moval is included with other street 
maintenance work. However, records 
compiled by City Engineer S. S. Bunker, 
of Bangor, Maine, and published by the 
Bangor Chamber of Commerce, indicate 
that snow has been removed in that city 
with a 10-ton tractor at a cost of $9.52 per 
mile, not including insurance, deprecia- 
tion or garage rental. The average cost 
on six main highways radiating from Ban- 
gor was $20.93, according to the Chamber 
of Commerce of that city. 

The methods and type of equipment 
used, of course have an important bear- 
ing on costs. It is the opinion of B. E. 
Gray, Division Engineer, State Road Com- 
mission of West Virginia that in so far 
as possible the same equipment used for 
grading and summer maintenance should 
be employed for snow removal. 

Probably one of the principal factors 
leading to the purchase by public officials 
of thousands of Caterpillar tractors, is the 
versatility of this machine, equally adap- 
table for road work, hauling, grading and 
snow plowing, which reduces operating 
costs to the minimum. 

American Automobile Association sta- 
tistics, show that up to September 1925, 
the number of automobiles had increased 
to approximately 18,000,000, of which 63 
per cent or 11,340,000 were in the Snow 
Belt states. Adding to these the 750,000 
cars (in round numbers) registered in 
Canada, we have a grand total of 12,090,- 
000 motor vehicles which at an average 
valuation of only $1,000 each, are worth 
the staggering aggregate sum of $12,090,- 
000,000. 
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Interest on this sum at six per cent 
amounts to nearly $2,000,000 a day. No 
further comment is necessary to show 
why the owners of these cars are inter- 
ested in avoiding unnecessary snow block- 
ades! 

Although the science of snow removal 
had developed within the past few years, 
amazing progress has been made in the 
development of powerful mechanical 
equipment. 

The Michigan State Highway Depart- 
ment says that probably no other class of 
highway construction and maintenance 
equipment is being developed as rapidly 
as the snow-plow owing to the careful 
study of its operation by highway officials 
and manufacturers. 

Power, speed and strength of construc- 
tion are the three principal essentials of 
efficient snow removal equipment, accord- 
ing to the U. S. Bureau of Public Roads. 
The Caterpillar tractor is the Backbone 
of most snow removal work, because of 
both its track-laying feature and its great 
power and sturdiness. From city side- 
walks to mountain passes various sizes 
of Caterpillars are used in great numbers 
by practically all communities of the 
Snow Belt. 

Engineers are practically unanimous in 
the opinion that heavy-duty tractor equip- 


ment is necessary for heavy snowfall and 
deep drifts. 


Snow plows are of three general 
classes: (a) adjustable, straight-wheel 
blade type with curved surface for at- 
tachment to the front of tractors; (b) “V” 
tpye, for similar attachment; (c) rotary 
type. <A variation of the “V” type is 
equipped with adjustable side-wings, de- 
signed not only to penetrate the snow but 
also to lift it clear of the road. The 
“Vv” plow of larger size is usually powered 
with a tractor. 

The rotary type is a newer develop- 
ment which has met with special favor in 
the West. Its higher first cost, however, 
has tended to prevent its more general 
adoption. Still the rotary is regarded as 
the ultimate type by many engineers. It 
is especially efficient in very deep drifts 
and has the added advantage of scatter- 
ing the removed snow 30 to 40 ft. from 
the center of the road. 

The vitally important thing in snow re- 
moval is constant, even dependable power 
of the operation of snow plows and other 
equipment. Experience has proved that 
Caterpillarf tractors supply this power, 
particularly on difficult snow removal 
jobs. 
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Snow removal methods are divided 
roughly, into three classifications: 

Those employed on “~vestern and moun- 
tain roads; on eastern middle-western and 
Canadian highways; and in cities. 

There are certain rules, however, on 
which practically all authorities are 
agreed. These may be summarized as 
follows: 

(1) There must be some central, re- 
sponsible authority, to whom, the entire 
organization will look for instructions and 
leadership, such as: (a) maintenance di- 
visiion of the State Highway Department; 
(b) county road official; (c) city street 
department. 

(2) The organization must be capable, 
physically efficient, well-trained, self-re- 
liant and imbued with the determined 
spirit of battle. Each individual should 
have a definite assignment. 

(3) The territory must be intelligently 
divided and each division must have its 
quota of men. There should be a “lieu- 
tenant” in charge of each division. 

(4) Men and machinery must be ready 
to begin work on short notice, and to 
work at top speed, night and day in emer- 
gencies. Therefore, the organization 
should possess reserve forces sufficient for 
relief when necessary. 

(5) Mechanical equipment, tractors, 
snow plows etc., should be kept in warm 
storage to facilitate quick starting and be 
overhauled in advance so as to be ready 
for immediate use. Spare parts should be 
conveniently at hand. 

(6) <A definite program for all phases 
of the work should be laid out in advance, 
preferably in summer and fall, and each 
division commander should be familiar 
with all details. 

(7) The organization must possess an 
intelligence department which must at all 
times keep each division in touch with the 
other and with headquarters, and which 
must keep informed as to weather condi- 
tions. This department may make use of 
telephone, telegraph, radio and mails, re- 
ceiving the co-operation of the U. S. 
Weather Bureau, which is rendered free 
of charge. 

(8) Work should be commenced as 
soon as the snow begins to fall and con- 
tinue without interruption until the roads 
or streets are cleared. The general prac- 
tice in road work is to begin plowing be- 
fore the precipitation has exceeded 3 ins. 
An exception is where extremely heavy 
snowfall occurs in a short time. 

(9) As great a width of highway as 
possible should be cleared, because: (a) 
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there is less likelihood of damage to 
the roadway through freezing and heav- 
ing; (b) the work of plowing is rendered 
less difficult later in the season if the 
early snow-fall is pushed well back. Also 
less packing occurs from traffic. Some 
officials prefer to clear the center of the 
roadway during the storm and then push 
the snow back further after the fall has 
ceased. 

(10) The surface of the road should be 
left clean except in cases where it is nec- 
essary to provide for sleighing. 


(11) Ditches and drains must be kept 
open. As soon as the road is cleared, 
shovelers should be set to work immedi- 
ately clearing culverts and cutting open- 
ings to side ditches. 

(12) Arrangements must be made for 
paying promptly, in cash, any extra la- 
bor employed. 

The battle against snow is on in earn- 
est. The public no longer accepts the 
burden of snow as inevitable. With pow- 
erful tractors as power units for sturdy 
snow plows and a will to keep the roads 
open in winter, the weapon is at hand 
to establish effectively the new era of free 
winter travel. 





HEAVY SUBGRADE SOILS NOT IM- 
PROVED BY ADULTERATION 


Importance of good subgrade to high- 
way paving led to the inauguration by 
California highway commission several 
years ago of a series of experiments to de- 
termine the merits of several proposed 
methods of treatment of adobe soils 
which, by reason of instability under 
varying conditions, have presented a most 
difficult problem to road builders in this 
state. Results of these experiments have 
just been analyzed by C. L, McKesson, 
research engineer of the highway com- 
mission, who finds that adulteration of the 
subgrades with cement or lime compounds 
as a means of improving sub-base condi- 
tions by securing stability in heavy soils 
is ineffective and uneconomical. A full 
report of the studies of these experi- 
ments is set forth in a report made by 
Mr. McKesson to State Highway Engin- 
eer Robert M. Morton. 

Experimental sections were built on the 
Rio Vista lateral of the state highway sys- 
tem in Solano county in 1921 and 1922. 
The special subgrade treatment was un- 
dertaken in an effort to determine, if pos- 
sible, an economical method of treating 


MUNICIPAL AND COUNTY ENGINEERING 


309 


adobe to eliminate its swelling and plastic 
condition when saturated with moisture, 
and subsequent shrinkage and cracking 
when dried out. The plan tried called for 
the thorough mixing with the subgrade in 
varying quantities and depths of portland 
cement, hydrated lime, limestone dust, 
and asphaltic oil. 

The work was started in 1921, and the 
pavement was completed during the sum- 
mer of 1922. Twelve sections, with one 
exception, each 500 feet long, were chosen, 
an effort being made to select those with 
soil conditions as nearly identical as pos- 
sible. An examination shows the soil to 
be adobe and silty clay, with some varia- 
tions in quality. 

The treatment consisted of loosening 
and pulverizing the subgrade to a depth 
of six and twelve inches, after which the 
various adulterants were mixed with the 
soil and well worked into the sub-base. 
Except on the experimental sections, a 
four-inch gravel sub-base was placed on 
all heavy soil on the paving project. It is 
possible, therefore, to compare this more 
or less standard method of subgrade treat- 
ment with the various experimental ad- 
mixtures. An 18-foot concrete slab, five 
inches in thickness, was placed. 

After the work had been down for 
more than two years, Mr. McKesson made 
a condition survey. He reports the relative 
efficiency of the various methods of treat- 
ment, based on the present condition of 
the pavement, as follows: 

Four-inch gravel sub-base on untreated 
sub-soil is found to be very efficient. All 
sections in good condition. No longitudi- 
nal cracks and transverse cracks are 40 
to 100 feet apart. 

Six-inch sub-base treated with portland 
cement—Where subsoil is similar, there is 
little or no difference apparent between 
sections having 1-10 and 1-20 admixtures. 
Failures consist of transverse cracks aver- 
aging about 40 feet apart. 

Twelve-inch sub-base treated with as- 
phaltic oil (5 gal. per sq. yd.)—This sec- 
tion has transverse cracks averaging 
about 25 feet apart. There is little differ- 
ence in condition between this section and 
the 12-inch portland cement sections. 

Twelve-inch sub-base treated with hy- 
drated lime—This section has transverse 
cracks 10 to 60 feet apart, and several 
short irregular longitudinal cracks. Some 
surface checking was also noted. 

Twelve-inch sub-base treated with port- 
land cement—Sections 1 and c, with 1-10 
admixture, are in slightly better condition 
than sections 2 and d, having 1-20 admix- 
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ture. Transverse cracks on average about 
30 feet apart on sections 1 and c and 
about 25 feet on section 2 and d. Sec- 
tions 1 and 2 have a number of longitudi- 
nal cracks. The average condition of these 
sections is slightly better than the plain 
untreated Section 7, but not enough to jus- 
tify any expenditure. 

Plain 12-inch sub-base—This_ section 
was plowed up and soil pulverized as for 
admixture treatments. It was then re- 
rolled, without the addition of any adul- 
terant. Pavement on this section is in lit- 
tle worse condition than on 12-inch 1-20 
cement section, but the soil is apparently 
heavier than on any other section of the 
experimental work. A comparison of this 
section with gravel sub-base sections, 
shows clearly the benefit to be obtained 
from the use of a gravel sub-base. 

Twelve-inch sub-base treated with lime- 
stone dust—This section is in the worst 
condition of all. The pavement is broken 
up into narrow strips by the many trans- 
verse cracks, and in some places short 
longitudinal cracks are numerous. Had it 
not been for transverse reinforcement, 
this section would probably be a total 
failure. 

Commenting upon the Rio Vista lateral 
experiments, Mr. McKesson states they 
appear to justify three conclusions, as fol- 
lows: 

1. That soil adulteration with cement 
or lime compounds is-not an efficient or 
economical method of securing stability 
in heavy soils. 

2. That the suitability of soil for sub- 
grade purposes, or of the merits of various 
methods of soil treatments, can be deter- 
mined by relatively simple laboratory 
tests and that expensive* field tests, in 
some cases at least, can be avoided by first 
resorting to a properly conducted labora- 
tory investigation. 

3. That a sand or gravel layer is an ef- 
ficient and economical method of minimiz- 
ing damage to pavement, resulting from 
swelling or shrinkage of the subsoil. 

In making his report, the research en- 
gineer calls attention to the fact that the 
results of the California tests are similar 
to those obtained by A. C. Rose, who con- 
duced like experiments for the United 
States bureau of public roads at about the 
same time. The federal experiments were 
made with Cove clay, a soil similar to the 
adobe of the Rio Vista lateral, in this 
state. 

In the report of his tests Mr. Rose says: 

“Adulterating the subgrade with a lime 
compound or sand to a depth of one foot 
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reduces shrinkage in the portion adulter- 
ated, but the sub-soil for a considerable 
depth beneath this treated layer would 
continue to swell and shrink and displace- 
ment of the upper layer and of the pave- 
ment would doubtless continue, although 
to a less degree. The efficiency of this 
method of sub-grade treatment is doubted. 

“Tt is believed that a better treatment 
of heavy soil subgrade is: 


“1. To use a sand cushion to act as an 
equilibrant to run into irregularities of 
the subgrade, which is deformed by 
shrinkage or swell of the soil, and thus 
to maintain uniform surface in contact 
with the base of the pavement, or 


“2. To establish an unchanging mois- 
ture content in the immediate subgrade.” 





THE IMPROVEMENTS OF GRADE 
CROSSINGS 


From the Michigan Manufacturer and Finan- 
cial Record. 

The announcement by the governor of 
Michigan that the next policy of the ad- 
ministration will be to expend a large 
sum of money on grade separations—the 
figure is put at $20,000,000—will send 
cold shivers up the backs of those who 
instinctively shrink from new forms of . 
public expenditure. Yet it is wholly of a 
piece with the logic that provides good 
roads at all that the good roads should be 
made safe for human life and travel. The 
provision of improved roads has been fol- 
lowed by their use. The opening up of 
every thousand miles of modern roads 
seems to be followed, as an immediate 
consequence, by the addition of approxi- 
mately 20,000 new motor cars tc be added 
to the number already using the roads in 
existence. The use of the motor car has 
increasea the speed of travel from the 
four or five mile an hour gait which char- 
acterized horse travel to an average of 
something over 20 miles an hour by me- 
chanical motive puwer. Even this latter 
figure will not be accepted as an average 
by those who think of the automobile in 
terms of 30, 40 and 50 miles an hour, but 
the average is still as low as the figure we 
have named. Its existence as an experi- 
ence indicates that the average driver is 
not a speed fiend, and that the new kinds 
of roads, for they are still quite new, are 
not being made speeding tracks, and that 
the dangers incident to accelerated travel 
are not the results of dare-devil use. A 
natural and logical increase of public dan- 
ger has, therefore, resulted from the de- 
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velopment of better roads. Added to this 
condition is the growth of population and 
the increased demand for movement con- 
sequent upon increased facility. In addi- 
tion to these are the accelerated move- 
ments, both in speed and number of trains 
on the railroad rights of way. 

These conditions combine to make nec- 
essary a more general provision for safety 
in crossings than has been required in 
the past. With a wise provision of neces- 
sities in this direction Gov. Alfred E. 
Smith, of New York, more than a year 
ago sounded a note of preparation for 
an almost wholesale revision of crossing 
conditions in the Empire State, so that 
the people of that state have authorized 
a form of debt-making for this purpose 
which will even go so far as to advance 
to the railroads, a share of their cost in 
the operation, this share to be repaid over 
a long period of time. 

So that it will be seen that Gov. Groes- 
beck, in announcing a policy of grade 
separation, is advancing nothing new, ex- 
cept that his policy is for Michigan. The 
expenditure, if wisely made, will bring an 
adequate return, upon itself, in actual 
money values of the saving of human 
lives and the saving of time devoted to 
road travel. The cost of a $20,000,000 
grade separation program, amortization 
and all, would not be much over $1,000,000 
a year, and it doesn’t require a very ob- 
servant eye or a statistical mind to find 
that much value alone in the motor cars 
which are the subject matter of crossing 
accidents in a year’s time, let alone the 
harm to life and limb. The new policy 
may be administered so as to become a 
burden to the railroads—by which is 
meant the users of the railroads who pro- 
vide their incomes—and it may be admin- 
istered so as not to become such a bur- 
den. It is sincerely to be hoped that the 
latter policy will prevail. But in their 
present prosperity, the railroads may be 
looked to to do their share. In the long 
run they will profit by improved condi- 
tions, too. 





EFFICIENCY IN CONCRETE ROAD 
CONSTRUCTION 


By J. L. Harrison, Highway Engineer, U. 8. 
Bureau of Public Roads, Washington, D. C. 

(Editor’s Note: The following article 
is reproduced from the November, 1925, 
number of “Public Roads”, issued by the 
U. S. Bureau of Public Roads. The arti- 


cle discusses observations made on going 
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projects by the Division of Control, Bu- 
reau of Public Roads.) 


For many years the construction of con- 
crete pavements has been an important 
element in the volume of highway work 
offered contractors. It has also been a 
large and a growing item in the improve- 
ment of city streets and alleys. Probably 
no figures which purport to give the vol- 
ume of this work are absolutely accurate, 
for the very multiplicity of the sources 
from which such figures must be collected 
renders absolute accuracy difficult of at- 
tainment. However, there is no reason 
to doubt that recent statistics which show 
that concrete pavements are now being 
produced at the rate of about 92,000,000 
sq. yds. a year and at a gross annual cost 
in the neighborhood of $250,000,000, fix 
the order of importance of this element 
in the paving contractor’s work with suf- 
ficient accuracy to justify the statement 
that it constitutes an extremely large item 
in the highway construction field. 


There can. be no doubt that any con- 
struction field in which this enormous 
sum is spent annually ought to be the 
subject of constant study. This is true 
without regard to what the field may be, 
for research and investigations are likely 
to prove quite as profitable here as they 
have in such fields as the physical sci- 
ences, and in such industries as the man- 
ufacture of automobiles. Highways of all 
sorts are now all but exclusively financed 
by, and constructed under the direction of 
governmental agencies with the result 
that in this field there is a direct relation 
between efficiency and the tax burden 
which makes it particularly important 
that constant effort be made through re- 
search and investigation to develop effi- 
ciency. 


Efficiency is a broad term. Full effici- 
ency in the highway field would begin at 
least as early as the selection of the 
routes to be improved. It suggests the de- 
velopment of the principles governing lo- 
cation. It dictates that the designing engi- 
neer shall consider the effect of his plans 
and his requirements on the cost of con- 
struction as well as on the probable ade- 
quacy of the finished structure, It is as 
insistent on the proper performance of all 
necessary operations as it is on the elim- 
ination of all that are unnecessary. It 
urges the contractor toward greater 
thought in planning and arranging his 
work and finally it imposes on those in 
charge of maintenance the requirement 
that whatever is built shall be so cared 
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for as to yield the greatest service to the 
community. 

Efficiency in the construction of high- 
ways is, then, only a part of the greater 
field of efficiency in highway development 
and maintenance, and efficiency in the 
construction of concrete surfaces is but a 
part of the whole highway construction 
field. Still, the savings which would re- 
sult from full efficiency in this field are so 
large that they justify the annual expen- 
diture of considerable sums of money in 
research and investigation if thereby ap- 
proach can be had to complete efficiency. 
The current difference between ordinary 
practice and full efficiency will be appre- 
ciated when it is known that the studies 
made by the Bureau of Public Roads indi- 
cate that there are very few projects on 
which the average daily output can not be 
increased 25 per cent, that on many it 
can be increased from 50 to 100 per cent, 
and that, as this can be accompanied by 
some reduction in the amount both of la- 
bor, and equipment, the labor expended 
per mile of pavement laid, can, in general, 
be reduced by perhaps 50 per cent, and 
charges for depreciation of equipment by 
an even greater amount. 

A Series of Articles 

The series of articles, of which this is 
the first, is based on extended field studies 
of going projects by the division of con- 
trol of the Bureau of Public Roads. In 
these studies it has been the purpose to 
determine what efficiency contractors at 
present secure, what causes prevent the 
securing of full efficiency, the degree to 
which these causes interfere with full ef- 
ficiency, and how they can be remedied. 
Finally, having determined these facts in 
what has appeared to be a satisfactory 
manner, the effect on production of elim- 
inating the ascertained causes of low ef- 
ficiency has been tried on a number of 
projects with results that have quite satis- 
factorily confirmed the accuracy of the 
studies. 

Full Production 48 Batches An Hour 

What is full efficiency? In this series of 
articles it will be assumed that it is meas- 
urably secured when a 100 per cent output 
is obtained from a properly-equipped job 
with a crew of proper size. There are, 
then, a number of distinct fields in which 
efficiency must be attained before full ef- 
ficiency is secured. To clarify this state- 
ment a little, it may be suggested that 
when a 100 per cent output is obtained 
with a 150 per cent working force the 
work is obviously not performed with full 
efficiency. Similarly, to obtain a perfect 
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output with a working force of correct 
size but with a plant which represents 
an investment 50 per cent in excess of 
reasonable requirements is not to attain 
full efficiency. Any discussion of effici- 
ency must deal then, if it is to be com- 
plete, not only with production but with 
labor requirements and with equipment 
as well. But, because production is at 
once the point of easiest approach to the 
general problem in hand, and the point 
at which current practices most clearly 
show their failure to reach full efficiency 
this phase of the general problem was 
the first studied and will be the first dis- 
cussed. 

At this point it may be well to raise 
the question, what is full production on a 
crete paving job? The answer will be 
given categorically: 48 batches an hour— 
1 batch every 75 seconds. By whatever 
amount a contractor fails to meet this 
standard he is failing to reach full effi- 
ciency in production, assuming of course, 
that the specifications require a 1-minute 
mix. If a 14-minute mix is required, one 
batch should be obtained every 90 sec- 
onds, and if a 1%4-minute mix is required, 
one batch should be obtained every 105 
seconds. The 1%4-minute mix, then, re- 
duces output to 40 batches an hour, and 
the 1144-minute mix to slightly over 34 
batches an hour. As, for reasons that will 
later appear, these reductions in output 
are not accompanied by equivalent reduc- 
tions either in daily pay roll or in plant 
investment, any state, county, or munici- 
pality using one of these longer mixing 
periods, should have very conclusive data 
at its disposal if it is to justify the addi- 
tional unit cost of pavement laid, which 
it must expect to pay. 

One-Minute Miz 


Because of this fact, and because the 
current tendency, which is governed by re- 
cent tests, seems to be to standardize on a 
1-minute mix, the discussions which fol- 
low will be based on a mixing period of 
that length. It should not be forgotten, 
however, by those interested in obtaining 
the highest standards consistent with rea- 
sonable cost, that current practice in test- 
ing concrete to determine the proper time 
of mix, the proper consistency, etc., is 
much at fault in that it examines the ma- 
terial discharged from the mixer, or as de- 
posited on the subgrade, rather than the 
material in place and finished. Between 
the discharge from any really modern 
mixer and the final belting, the mixed ma- 
terial, is poured into a large bucket 
dumped upon the subgrade, shoveled, 
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tramped over, etc., by the puddlers, and 
smoothed or tamped by a modern finish- 
ing machine. The subgrade absorbs some 
of the water content and some evaporates. 
All of these operations tend to work.the 
concrete more completely, and particular- 
ly to distribute and correct the water film 
with the result that the material which 
the belt leaves as a completed slab often 
is by no means the same material which 
was discharged from the mixer perhaps a 
half hour before. 

Operations Involved in Production of a 

Batch 

Returning now to the production stand- 
ard defined above—48 batches an hour—- 
and with the fact in mind that this stand- 
ard is based on a 1-minute mix, the cor- 
rectness of this standard may reasonably 
be examined. The operations which must 
be performed in turning out a batch of 
concrete are as follows: 

1. The skip must be loaded. This can 
be done while the previous charge is being 
mixed. Under the somewhat antiquated 
system which requires that the cement be 
brought to the job in sacks and there piled 
along the road, the operation of dumping 
the cement into the skip will sometimes 
take longer than mixing the batch. Of 
course this method of handling cement is 
as obsolete as are all other purely manual 
methods, but if it chances to be the meth: 
od in vogue, men who are strong enough 
and active enough to do this work within 
the time available should be put onto this 
work. Ordinarily, however, handling the 
cement does not prevent charging the 
skip within the time available for this 
purpose, generally from 40 to 50 seconds. 

2. The skip must be raised to a verti- 
cal position for the purpose of dumping 
the batch into the drum. On a modern 
mixer in reasonably good condition this 
operation takes from 9 to 10 seconds, 
during which period the material in the 
skip is discharging into the mixer only 
during the last 11% to 2 seconds. 

3. The material in the skip is never 
fully discharged when the skip reaches 
the vertical position and sets the timer. 
The better modern mixers sometimes dis- 
charge the skip in as little as 3 seconds 
after it is in vertical position, if the sand 
and coarse aggregate are dry; but under 
ordinary working conditions they tend to 
require from 4 to 5 seconds, running a 
little over 5 seconds if the aggregate is 
wet enough to moisten the cement appre- 
ciably. A recently developed 6-bag mixer 


quite generally shows a lag in the skip 
discharge which runs over 15 seconds— 
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one-fourth minute—and an old-fashioned 
8-bag mixer, of which a few are still in 
use, has been found sometimes to take 
as much as 40 seconds. to transfer all of 
the charge from the hopper into the drum. 
As there are a number of standard (5- 
bag) pavers which will discharge the skip 
in from a little under 4 to a little over 5 
seconds and which, under ordinary work- 
ing conditions, will regularly discharge 
within 5 seconds after the skip reaches a 
vertical position, this period is considered 
standard for the lag in charging as mixers 
are now designed. 

4. The mix must be retained in the 
drum the full specification period, here 
assumed to be 60 seconds. 

5. Every mixer should have on it some 
device for timing. A timer which rings a 
bell at the completion of the mixing pe- 
riod is the one most commonly encoun- 
tered, When the bell rings the operation 
must move the discharge lever and the 
discharge mechanism must open the dis- 
charge before material appears in the dis- 
charge chute. These operations generate 
a lag, partly due to the fact that no hu- 
man being reacts instantly to any ordi- 
nary stimulus and partly to the fact that 
it takes time for the mechanism to work. 
Two seconds seems to be about the bot- 
tom limit for this lag, which is termed the 
discharge lag. Three seconds is a more 
common average; and sometimes it runs 
as high as four seconds. The lag in dis- 
charge tends to offset the lag in charging, 
but can not reasonably be so treated if it 
is not a uniform lag. Thus a lag which 
for successive batches is found to be 2.7 
seconds, 3.2 seconds, 2.8 seconds, 3 sec- 
onds, 3.1 seconds, 3.3 seconds, etc., over 
long periods might reasonably be treated 
as a 3-second lag, though the amount by 
which this lag exceeds 2 seconds is due 
entirely to a slow reaction on the part of 
the operator; but a lag reading 1.9 sec- 
onds, 3 seconds, 2 seconds, 4.2 seconds, 2 
seconds, 2.2 seconds, 5 seconds, 2.1 sec- 
onds, 4 seconds, 3.1 seconds, ete., would 
appropriately be treated as a 2-second lag 
because the part chargeable to the op- 
erator is not uniform. 

6. Finally the mix must be discharged. 
A wet mix can be quite thoroughly dis- 
charged from a good mixer in as little as 
8 or 9 seconds, but there is no mixer now 
on the market which will make a com- 
plete discharge in less than 10 seconds, 
if the consistency is such that it meets 
present requirements as to slump. This 
is, in a general way, caused by inade- 
quacy of bucket capacity. Concrete hav- 





314 


ing a slump of about 1 inch flows slowly 
in the chute and piles up in the bucket 
with the result that as the bucket fills 
the discharging concrete finally backs up 
into the chute, preventing’ complete dis- 
charge within any reasonable period. To 
complicate matters further, all mixers 
dribble a good deal. A recently designed 
6-bag mixer will often take well over 20 
seconds to complete the discharge. Some 
of the older mixers take quite as long, a 
few longer. A full batch mixed to proper 
consistency can, however, be regularly dis- 
charged from most of the standard (5- 
bag) pavers in 10 seconds if the charge 
in the drum is “built up” slightly, that is, 
if a part of the first batch is left in the 
mixer and the mixer is allowed to run 
that way. The quantity required is small 
just enough to force a full rate of dis- 
charge during the whole of the discharge 
period. As, under full efficiency, a new 
batch is handled every 75 seconds, there 
is no practical disadvantage in this as 
the quantity of material appearing in any 
batch which could possibly have been in 
the mixer over 15 minutes would be too 
small to be of any importance whatever. 
The discharge time, may, therefore, be 
kept within 10 seconds even when a mix 
of proper consistency is being produced. 
Simultaneous Charging and Discharging 
Necessary for Full Production 

The full-production mixing time with 
all specification requirements met may 
then be calculated as follows: 


Specification mixing time, seconds.... 60 

Lag in charging, seconds 

Simultaneous raising of skip and dis 
charging, seconds 


Totals, seconds 


Stated in this manner there is, however, 
no recognition of the lags described above. 
It is therefore preferable to state the cy- 
cle as follows: 

1. Specification mixing time, seconds.. 60 
2. Lag in charging, seconds 5 
3. Less lag in discharge, seconds.... 2 


. Net lag as affecting timer, seconds.... 3 
Normal setting of timer, seconds 63 

. Lag in discharge, seconds.................... 2 

. Simultaneous raising of skip and 
discharging, seconds 


Total mixing cycle, seconds 
It will be observed that in order to re- 
duce the mixing cycle to 75 seconds the 
skip must be started up at the same in- 


MUNICIPAL AND COUNTY ENGINEERING 


Vol. LXIX—6 


stant the discharge is opened. As a mat- 
ter of fact this is the only device avail- 
able to the operator for regulating the 
length of the mixing cycle. Most mixers 
dribble their discharge enough so that 
even an experienced operator would have 
trouble in regulating the time of dis- 
charge by observation of the discharge it- 
self. The time required for raising the 
skip, is, however, outstandingly uniform 
and if an operator is trained to open the 
discharge and start the skip at the same 
time, and to close the discharge as the 
skip reaches a vertical position, he has at 
once an adequate discharge time, an ac- 
curate measurement of the discharge 
time, and, if the lags in charging and dis- 
charging are correctly provided for, the 
correct mixing cycle. 

Two things may be observed here. The 
first is that where the mixer is so de- 
signed that 10 seconds is not an adequate 
period for discharge this system is not 
applicable. There are such mixers, but 
they can not be reasonably considered in 
setting a standard of production. Such 
mixers may require an extra 5, 10, or even 
20 seconds as their minimum mixing cy- 
cle. Mixers are not all alike in their ef- 
ficiency any more than the operators who 
use them. But to obtain full production 
a contractor must have an efficient mixer 
and the above discussion will, it is hoped, 
assist him in determining which mixers 
are efficient. 

The second matter to be noted is that 
if practices here outlined are followed the 
skip will be in a charging position and the 
material will be flowing into the drum 
during from 1% to 2 seconds of the dis- 
charge period. This is of no consequence 
whatever, as the standard drum speed is 
about 15 revolutions per minute or 1 revo- 
lution every 4 seconds. During this over- 
lapping of the charge and the discharge— 
never in excess of 2 seconds—the drum 
makes only half a revolution, so the ma- 
terial is not moved up and over in the 
drum enough to combine with any of the 
discharging material or to appear in the 
discharge chute. If the drum speed is so 
high that unmixed material is discharged 
the contractor should reduce the drum 
speed. 

The Mixer is the Bottle Neck of the Job 

The mixer is the bottle neck on every 
concrete paving job. No matter what ma- 
terial supplies are available, what corre- 
lated equipment is on the job, what skilled 
laborers or how many are available, in- 
deed no matter what other conditions pre- 
vail, be they ever so favorable, the mixer 
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sets a rigid limit on production which can 
not be honestly avoided. This is so axio- 
matic that it naturally follows that the 
problem of securing full production be- 
comes a problem of determining the fac- 
tors which are reducing the output of the 
mixer, what their order of importance 
may be, and finally how they may be elim- 
inated. 

These factors have been determined in 
the bureau’s studies by making stop- 
watch readings on selected projects for an 
hour morning and afternoon each day 
over such a period as seemed necessary 
to obtain reasonably accurate data. These 
records, accumulated over a period of 
from two weeks to a month, tabulated and 
averaged, give a fairly complete picture 
of what the rate of production is and of 
why it is less than it ought to be. 

The summary resulting from a two- 
weeks study of a going project reveals 
typical construction conditons. Nearly 
17 per cent of the working day in this 
case was being lost at the mixer. Nearly 
a fourth of this is chargeable to poor han- 
dling of the mixer. The timer on this job 
was not set to take care of the lag in 
charging. This is not an uncommon con- 
dition. Most contractors indeed and many 
engineers seem to suppose that the ma- 
terial in the skip is all transferred to the 
drum while the skip is being raised to a 
vertical position. ‘That this is not the 
case can be determined readily by getting 
well up on the mixer and watching the 
discharge. As most specifications make it 
clear that the mixing time is the period 
between the moment at which the last of 
a batch enters the drum and the first is 
discharged, the contractor in this case, 
was obtaining at least a 3-second advan- 
tage over the specification requirements 
but in spite of this, his operator was los- 
ing 3.5 per cent of the working time be- 
cause of failure to overlap the charge and 
the discharge which together, as measured 
from the bell (this includes the lag in 
discharge), should not exceed 12 seconds. 


It may be observed that while, as this 
job was being operated, the loss of time 
chargeable to the long mixer cycle 
amounted only to 3.5 per cent of the 
working day, its importance would have 
been somewhat increased had other losses 
been eliminated. In other words, the 
length of the mixer cycle was cuttting 
hourly production from a possible 48 
batches an hour to slightly over 45 


batches an hour or to about 93 per cent of 
full production. 
for that matter, 


There is here then, and 
in some of the other 
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losses which will be discussed, a differ- 
ence between the efficiency of an opera- 
tion itself and the net effect of any lack 
of efficiency on the day's output. It is 
possible to develop a study cf efficiency 
on either basis but the latter has been fol- 
lowed in this case. 

Poor operation other than failure prop- 
erly to overlap the charge and the dis- 
charge account for a further loss of time 
amounting to 8.4 per cent. Under this 
heading are included such practices as 
dumping batches before the skip is raised, 
splitting batches, failure to move the 
mixer while it is mixing, slow reaction to 
the bell, etc. With an up-to-date mixer 
it is never necessary to do any of these 
things. If they are done the operator 
either has not been properly taught or is 
deliberately wasting time, or the power 
plant is so out of order that an expert 
repair man should be called onto the job 
at once. The observations made by the 
bureau’s representatives indicate that the 
general cause of delays of this sort is im- 
proper training of operators. Occasional- 
ly one is encountered who is naturally 
slow or indifferent, but it is more com- 
mon to find that the operator has seen 
few jobs except the ones on which he 
has worked and that he does not appre- 
ciate that such practices as those here 
noted throw away a large amount of val- 
uable time. 

On this particular job the combined ef- 
fect of failure to overlap the charge and 
the discharge and of such items as dump- 
ing at the wrong time, splitting batches, 
slow reaction to the bell, etc., accounts for 
almost 12 per cent of the working day. 
With a pay roll running in the neighbor- 
hood of $200 a day and a depreciation 
account of perhaps half that ,amount 
neither of these being unusual on con- 
crete paving jobs, the direct loss from 
these causes amounts to about $35 a day, 
a sum quite sufficient to justify the state- 
ment that a “cheap” mixer operator is apt 
to be about the most expensive man on 
the job. 

Mixer Trouble Expensive 

In this case mechanical trouble with the 
mixer accounts for delays aggregating 
about 5 per cent of the working time. As 
mixers wear out such delays tend to in- 
crease. They are small when the mixers 
are new, but even on new mixers the 
studies show that there generally is a 
little mechanical trouble. This appears to 
be due to the rigorous conditions under 
which mixers operate and to the fact that 
so many operators are trained on the job, 
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rather than to any outstanding deficiency 
in design. But as the mixer wears out, 
mechanical troubles increase, and with 
their increase, the lost time mounts 
sharply. Five per cent appears to be 
about the average of losses due to this 
cause. In some cases they amount to up- 
ward of 10 per cent. Under the assump- 
tions noted above, a 5 per cent loss of 
time amounts to about $15 a day and a 
loss of 10 per cent to $30 a day. If the 
mixer work 150 days during the year, 
losses accruing as a direct result of using 
equipment that is in poor condition will 
be seen to range from over $2,000 to $4,500 
a year. The first of these is enough to 
pay for a new mixer in about three years, 
the second in less than two years. It is 
not the purpose here to go into the ques- 
tion of replacing old machines with new. 
Rather, it is the purpose to point out that 
where old or worn-out machines are in 
use this very fact will prevent full pro- 
duction. Some phases of the problems 
arising in connection with repairing and 
replacing machines will be discussed in 
another part of this series of articles, 
but it will be sufficient to remark here 
that as a matter of general observation, 
there is not enough attention given to the 
mechanical condition of the mixer, few 
contractors appearing to realize the real 
financial aspect of the constantly recur- 
ring small losses of time which develop 
when a worn-out mixer is being operated. 

On the job under discussion, the non- 
delivery of materials accounted for a loss 
of over 17.6 per cent of the working time. 
Part of this—13.6 per cent—is chargeable 
to inadequate truck supply, the balance 
to improper handling of the trucks. This 
is a rather typical situation. As a mat- 
ter of general observation, contractors are 
prone to provide adequate facilities for 
the delivery of material. In the case in 
hand, the apparent truck shortage was 
13.6 per cent—that is, with the truck sup- 
ply available only 13.6 per cent of the 
working day, worth on the basis of ordi- 
nary pay roll and depreciation charges 
about $40, was being thrown away be- 
cause of an inadequate supply of trucks, 
but the real situation was worse than 
this. Had the mixer losses been elimi- 
nated as well as the losses in time due to 
other causes, the amount of pavement 
laid would have been increased only by 
the 4 per cent chargeable to improper 
handling of the trucks—that is, to a lit- 
tle over 60 per cent of full production. In 
short, while lack of proper transportation 
was only costing this contractor some 
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$40 a day as the job was being operated, 
the value of this loss would have been 
about $120 a day had the mixer been ca- 
pable of normal production. It is hardly 
necessary to observe that the only appro- 
priate method of eliminating this loss is 
to supply the necessary trucks. Speeding 
up the trucks in use is not a proper solu- 
tion, unless the speed at which they are 
operated is low, which is an uncommon 
condition. On the other hand, the correc- 
tion of low efficiency in the operation of 
the trucks—-an entirely different matter— 
will often measurably improve the appar- 
ent truck supply. The _ transportation 
question is one of the most important 
with which the paving contractor must 
deal—too important to treat at length at 
this point. It is therefore reserved for 
further comment in the next of this se- 
ries of articles. 

Small Water Pipes Cause Serious Loss 

On this project the water supply caused 
a loss of 2 per cent of the average work- 
ing day. Shifting hose is the most com- 
mon cause of such losses. Poor water 
pressure is also a common cause. This 
may be caused by using too small a pump, 
by slip in the pump, by too small a pipe 
line, line losses due to poor pipe connec- 
tions, or to the use of too much water on 
other parts of the work. Where long 
pipe lines are used, contractors often try 
to improve the supply by putting in a 
booster pump. This results in high pres- 
sures, which open joints, split pipe and 
burst hose. It is not unusual to find that 
when the valves on the mixer and hose 
connections are closed, the pressure at 
the mixer rises to from 250 to over 400 
lbs. Such pressures are destructive and 
wholly unnecessary. Relief valves should 
be installed to protect the. line and the 
valves in the mixer, but these are often 
omitted. Larger pipe should be _ used. 
The 2-in. pipe now in common use is a 
“hang-over” from the days when the 3-bag 
paver was standard equipment. Instead 
of putting in a 3-in. line and having an 
adequate water supply with reasonable 
pressure and a reasonable wear and tear 
on the pumps, contractors are holding to 
the 2-in. lines much to their disadvantage, 
for water trouble has been found to be 
of common occurrence and a supply inade- 
quate for the mixer and the various cur- 
ing operations the general rule. 

Where contractors have long lines of 
the now commonly prevailing small sizes 
of pipe, some relief from the high pres- 
sures incident to pumping any consider- 
able volume of water through these lines 
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can be had by cutting the line and in- 
stead of using booster pumps, running the 
delivery from the first pump into a sump 
from which the second pump will draw 
its supply. A great deal of the trouble 
with short water supply is directly 
chargeable to line leakage, and this, in 
turn, is chargeable in no small degree to 
high pressure in the line. With pressures 
commonly exceeding 250 lbs., ordinary 
connections are opened, and all sorts of 
trouble resulting in leakage occurs. Even 
the valves in the mixer are sprung and 
the leakage which occurs here sooner or 
later becomes an obstacle to the regula- 
tion of the water content of the concrete 
produced. This is a serious matter, since 
the strength of concrete is adversely af- 
fected by even a comparatively small in- 
crease in its water content. Moreover, 
variations in the water content have an 
adverse effect on the ease and rapidity 
with which the pavement is finished and 
make the production of a very smooth 
surface difficult. 

Where there is any considerable leak- 
age the amount of water improperly 
reaching the interior of the drum varies 
with the pressure in the line and with the 
period between batches. As on all but the 
best managed jobs, both of these are 
highly variable; as soon as there is any 
considerable amount of leakage, real uni- 
formity of consistency becomes quite un- 
attainable. So really serious is this mat- 
ter that it seems proper to suggest that, 
as mixers are now operated, this is the 
outstanding cause of non-uniformity of 
consistency and one of the most impor- 
tant causes of poor surface finish. There 
is therefore very good reason for urging 
contractors both in their own interest and 
in the interest of the States and munici- 
palities for which their work is done, to 
install pipe lines of proper size, fitted 
with proper relief valves in order that 
thereby an adequate water supply deliv- 
ered at a reasonable pressure may be in- 
sured. There is also reason to suggest 
that manufacturers install better and 
stronger valves in their mixers. 

Delay due to lag in finishing is not of 
common occurrence. Finishing machines 
are reliable mechanisms and commonly 
give the contractor little trouble. The 4 
per cent loss from lag in finishing record- 
ed on this project is unusual. Occasion- 
ally a complicated or cumbersome process 
in finishing is required, and in such cases 
there sometimes is a failure to keep the 
finishing up with the mixer. Sometimes 
too dry a mix is required by the inspec- 
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tor. However, the current tendency is 
toward simplifying the finishing opera- 
tions so, except where the inspection is 
too exacting, there is seldom any diffi- 
culty encountered here. Incidentally it 
may be remarked that the essence of 
rapid finishing is uniformity in consist- 
ency and a consistency of proper slump. 
Well-mixed concrete of the proper con- 
sistency—about 1-in. slump—put down by 
a modern sliding finisher, may be depend- 
ed upon to be of such uniform smooth- 
ness that one man with a long-handled 
float can finish any output obtainable 
from a standard mixer. This, of course, 
implies that the concrete shall be of uni- 
form consistency as well as that it shall 
be of proper consistency and that the fin- 
ishing machine shall be correctly oper- 
ated. In short, there should be no losses 
of time due to finishing, and if any are 
developing there is something wrong 
which should be easily corrected. 

Occasionally an inspector, in his desire 
to obtain the driest mix possible, will at- 
tempt to reduce the slump to % in. or 
less. Whatever the theoretical result of 
such a practice may be, in increasing the 
strength of the concrete, the practical re- 
sult under field conditions is to render 
the concrete extremely hard to work. 
With a slump as low as this, the finishing 
machine cannot keep up with the mixer. 
Moreover, in at least two cases which 
have come to the attention of the writer, 
the finishing operation did not satisfac- 
torily compact the bottom third of the 
pavement. Under field conditions there 
would, therefore, seem to be valid reason 
for maintaining a somewhat wetter mix 
than laboratory tests would indicate to be 
the most desirable. There is also to be 
considered the fact that the subgrade ab- 
sorbs moisture from the concrete and that 
some evaporates, as a result of which 
processes the concrete, as finally left by 
the finishing machine, particularly in hot, 
dry weather, often is visibly drier than 
when it left the mixer. If satisfactory 
production is to be secured, the finishing 
operation cannot be unduly slowed down. 
There is here, then, room for a good deal 
of practical study, for although it is im- 
portant that the best possible concrete be 
produced, it is also desirable that this be 
done on the basis of carefully collected 
data rather than on the basis of personai 
opinion, and that theoretical considera- 
tions be not allowed to interfere with 
production unless it can be clearly shown 
that the results to be obtained can and 
do justify this interference. 
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Delays Due to Lack of Subgrade and 
Other Causes 

As with the finishing, so also with the 
subgrade; if the crew is not doing its 
work rapidly enough to keep the subgrade 
in proper condition and so far in advance 
of the mixer as to entirely avoid delays 
from this cause, either the foreman in 
charge needs instruction, additional men 
or equipment, or the job needs a new 
foreman. There should be no excuse 
whatever for letting the preparation of 
the subgrade interfere with production 
at the mixer. 

Miscellaneous delays are of small con- 
sequence on this job. However, the list 
of them as affecting production a little 
here and a little there, not often, but oc- 
casionally during a long season, is long. 
Special work at bridge structures falls in 
this category. Often specifications re- 
quire a special treatment of the pavement 
at such points. This special treatment 
causes delay, generally only because it 
does not occur often enough so that the 
crew becomes familiar with the opera- 
tions involved. Any new operation takes 
time because men not familiar with it 
hesitate to proceed lest a mistake be 
made. Most men working on a construc- 
tion job do their tasks automatically. 
Many, if not’ most, feel confused if any 
judgment is required. No new or un- 
usual task, no matter how simple, can be 
handled automatically, and most such 
tasks for a time require at least a little 
judgment even on the part of the common 
laborers. For that reason, whatever is 
new or unusual is done slowly and output 
suffers until the operations involved are 
so well learned through repeated perform- 
ance that they become automatic. 

“Waiting for reinforcing rods” is a mi- 
nor delay typical of a whole series which 
may be classed under the general heading 
of “delays due to the failure to deliver 
minor materials.” Generally such delays 
are due to the failure of some foreman 
to keep track of the stock on the job, but 
if reinforcing material, parting strip, pre- 
pared joints, etec., are required, the lack 
of such materials at the site of the work 
is quite as effective in stopping produc- 
tion as the failure to deliver cement or 
sand or gravel. Laying a concrete pave- 
ment really is a manufacturing process. 
Modern manufacturing methods do not de- 
pend for their success on large stocks. 
They depend, rather, on the maintenance 
of uniform balanced rates of delivery. 
This is as true of a concrete paving op- 
eration as it is of an automobile plant. 
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Materials are not stocked. They are or- 
dered for delivery as needed and such 
stocks as are maintained are like the bal- 
ancing tanks in a water supply—they ab- 
sorb the delivery when it exceeds the rate 
of use and they augment the delivery 
when it falls below the rate of use. In 
the case of minor materials perhaps this 
is not as obvious as in the case of the 
materials of major importance, but the 
fact is that for all materials the rate of 
delivery at the mixer must harmonize 
with the rate of use at the mixer, and 
any failure to attain such a treatment of 
the material supply, whether major or 
minor, is too disastrous to pass unnoticed. 

There also is a whole series of minor 
causes of delay not so easy to cover ina 
general statement, such as: Broken batch 
meter; getting the mixer under low elec- 
tric wires; failure to dump all the batch 
into the skip; over-wet batches thrown 
away; water pipes frozen, and forms 
knocked down by trucks. In a general 
way, delays of this sort are due to acci- 
dents or to accidental conditions, and as 
their causation cannot be foreseen, they 
cannot well be avoided. However, they 
are not a serious factor on most jobs, but 
are mentioned because they illustrate the 
innumerable minor matters which inter- 
fere with securing full production. 
The Damage Done by Inexperienced In- 

spectors 

Finally, no discussion of the causes af- 
fecting production would be complete 
without reference to the inspector. He is 
a necessary, though, it must be regret- 
fully recorded, not always a favorable fac- 
tor in the production problem. Generally 
he is a well-intentioned man who knows 
but little about the broader technical 
aspects of the work he is inspecting, very 
desirous of protecting the interests of 
those he represents, but not properly 
equipped to pass on the numerous techni- 
cal questions that arise on any concrete 
paving job. He occupies a difficult posi- 
tion, because, after all, the contractor’s 
primary desire is production, whereas the 
State’s primary desire is quality. The 
two are seldom in real conflict, for the 
best organized and most productive jobs 
generally do the best work; but high pro- 
duction requires a quick answer to any 
problem that arises, and this, in turn, re- 
quires a broad knowledge of technical 
values, or, in the effort to protect the in- 
terests of his employer, the inspector will 
find that he is needlessly injuring the con- 
tractor. Without this broad technical 
background, the inspector is apt to be 
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further handicapped by the fact that he 
has little appreciation of the real nature 
of a going construction operation. Here 
he sees a few men, there a few more. At 
other points he knows that others are 
working. He seldom realizes that what 
he is observing is a machine, the parts 
of which are so synchronized that to stop 
one part in effect causes all of the paris 
to stop functioning. Yet this is literally 
true. 

The modern concrete paving organiza- 
tion, when well developed, is as perfect a 
machine as a weil-built automobile. The 
subgrade gang is balanced to produce 
each day the subgrade that the mixer will 
use the next. The form-setting gang is 
balanced against the mixer performance 
in the same way. At the batcher plant 
the force is kept in harmony with the 
mixer’s utilization of material. The office 
keeps materials flowing in as they will be 
needed. In such a balanced production 
scheme—and this is the very essence of 
efficiency in production—the injection of 
any order that stops production at one 
point stops the whole machine as effec- 
tively as taking off a wheel or pulling out 
the engine stops an automobile. To stop 
one gang is to stop the whole job. Worse 
than that, the time lost directly may be 
of less importance than the time lost in- 
directly. The writer watched one after- 
noon an irresponsible inspector while he 
tinkered with the water gauge on the 
mixer for a half hour in a misdirected 
effort to further reduce the slump of con- 
crete which was already well within the 
specified requirements. The result was a 
series of batches so dry that the contrac- 
tor had to stop the mixer for half an hour 
in order to finish them. This half hour’s 
delay was important enough in itself, but 
it was a couple of hours before the con- 
tractor was able to get his organization 
to functioning again with its accustomed 
smoothness. 

Although arbitrary acts on the part of 
inspectors are serious enough, a larger 
trouble lies in the constant effort of many 
inspectors to inject new ideas into work 
on which they are engaged. Some one 
desires the subgrade prepared in a new 
way. The finish, it is thought, might be 
improved. The concrete might be mixed 
a little drier. It would be improved if 
mixed a little longer. There are dozens 
of such requests. It matters not at all 
that the work now meets the specifica- 
tions which are in force. If some one 


thinks that the product can be improved, 
the contractor will be urged, even forced, 


MUNICIPAL AND COUNTY ENGINEERING 


319 


into making the desired change. He is 
told that the change will cost him noth- 
ing—may save him money—and will get 
better results. The point overlooked is 
that changing the practices on a going 
job requires more than an order. Men 
must be trained to perform the new du- 
ties properly, and the job may have to 
be rebalanced to meet the new methods. 
Often the contractor does not know how 
to train the men, as he has never seen 
the new ideas in use. He, therefore, hes- 
itates because he knows that such changes 
may involve large intangible losses, clear 
enough to him, but hard to explain to an 
inspector. 

Of course, the time to decide on what 
methods and practices are to control on a 
construction job is when the specifications 
are drawn. Then, when the job is start- 
ed, the interpretation which will be placed 
on new clauses or on any of the older 
clauses that may be in doubt. should be 
made clear, and the practices that are to 
be required should be developed as the 
organization is brought into production 
Thereafter all connected with the job 
should appreciate that while the contrac- 
tor may request permission to use new 
methods, the inspector, and, for that mat- 
ter, the State, has no right to modify 
the requirements made on him, unless in- 
fraction of specific provisions or common- 
ly accepted interpretations of the specifi- 
cations can be shown. 

Abuse of Discretionary Clauses in Speci- 
fications 

The clause, “or to the satisfaction of 
the engineer,” and its various equivalents 
is often written into specifications for the 
purpose of giving the engineers broad dis- 
cretionary powers in the interpretation 
of clauses governing methods, tolerances, 
etc., and if a contractor objects to an or- 
der or to a request, some clause of this 
sort is called to his attention. For this 
reason it seems advisable to remark in 
this connection that as a general legal 
principle clauses of this sort give engi- 
neers no authority to modify the plain 
intent of specifications defining methods, 
tolerances, etc., and that contractors are 
under no obligation to be governed by or- 
ders which make these clauses more than 
customarily rigorous or which increase 
the cost of the work. As an illustration, 
if the specifications clearly state that “the 
slump shall not exceed 1 in.,” a clause of 
this nature cannot be legally invoked to 
require a contractor to produce concrete 
having a slump of not more than half an 
inch. Similarly, if the specifications pro- 
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vide that “irregularity in the finished 
surface shall not exceed % in. when 
measured under a 10-ft. straight-edge,” a 
clause of this character cannot be law- 
fully invoked to require a contractor to 
remove areas that are only % in. high. 
If the contractor desires to use other than 
specified methods, etc., and the specifica- 
tions are not to be followed, then the dis- 
cretionary clause gives to the engineer 
broad authority to require that whatever 
is done under these new methods shall be 
done “to the satisfaction of the engineer.” 
But in no event are such clauses blanket 
authorizations for the engineer to make 
such requirements as he may please. 


If it were possible to bring inspectors 
generally to a realization of the fact that 
their sole duty is to see that the contrac- 
tor works within the specified limits, that 
they are not present to “improve the 
quality of the work,” or to make experi- 
ments at the expense of the contractor, 
the effect on production would be gratify- 
ing to many contractors. In making stop- 
watch studies on going projects it has 
seldom been possible to separate the ef- 
fect of improper inspection from other 
causes which perhaps also contributed to 
slow operation. Sometimes the fact that 
an inspector’s order is responsible for a 
procedure that is causing delay has not 
developed until a good deal of the record 
has been taken. A case in point was a job 
where the records showed slow operation 
of the mixer. In general, the truck sup- 
ply was adequate and the work well or- 
ganized, but the mixer operator would 
not raise his skip until the discharge 
had been completed. This of course ma- 
terially reduced his daily output. After 
the full record for this job was taken it 
was learned in a chance conversation with 
the inspector that he would not permit 
the contractor to produce over 40 batches 
an hour. There was no specification war- 
ranting such a limit on production. The 
inspector gave no reason for having im- 
posed it. He merely asserted that he 
thought that production enough. Condi- 
tions of this kind as well as the possibil- 
ity that there might be some difference 
of opinion as to what is proper inspec- 
tion, have prevented any general effort 
to separate the time lost through poor 
inspection, but some idea of the impor- 
tance of this element may be gained by 
the general statement that poor inspec- 
tion has caused losses of some conse- 
quence on more than half the jobs on 
which the bureau’s representatives have 
made studies during the current season. 


MUNICIPAL AND COUNTY ENGINEERING 


Vol. LXIX—6 


It is not, therefore, a factor which can 
be ignored in a study of the causes influ- 
encing underproduction. 


In presenting these aspects of the in- 
spection problem, the effect of improper 
inspection and of improper policies gov- 
erning inspection have been dealt with at 
some length. It is, therefore, only fair 
to remark that it is not the purpose to 
advocate careless or indifferent inspec- 
tion. Rather the quality of inspection 
should be improved. The point is that a 
legal and a moral prerequisite is correct 
specification writing. If a State desires its 
concrete pavements finished to a maxi- 
mum variation of one-eighth inch in 10 
feet this can be done. It is perfectly prop- 
er that it require such accuracy of final 
finish and it is practically possible to ob- 
tain it. But it is not legally or morally 
proper to require such a finish under 
clauses allowing a one-fourth inch varia- 
tion, Refinements in methods and the 
reduction of tolerances increase cost. In- 
spection should be rigid and good work 
should be insisted on, but back of this 
there should be a clear specification set- 
ting forth what is desired so that the con- 
tractor may have a fair opportunity to 
estimate accordingly. 


Some Important Generalizations 


The above covers the more important 
causes of low production. It would be 
possible with the data in hand to strike 
averages and to say that this or that is 
the most important factor in causing low 
production and to ascribe to it a percent- 
age relation to the whole series of causes, 
but little could be gained by so doing, for 
each job is a separate problem and gen- 
eral averages have little relation to the 
specific conditions there prevailing. 
Studies such as those the bureau has con- 
ducted in this field do, it is true, warrant 
some generalizations. Mixer operators 
are, for instance, quite generally under- 
trained, with the result that few mixers 
show a proper mixing cycle. Transporta- 
tion generally is inadequate. Often it is 
woefully so. As a matter of observation 
it is apt to be poorly operated. The water 
supply also is generally inadequate; while 
the mixer is usually pretty well supplied, 
the quantity available for curing is com- 
monly insufficient. This list could be ex- 
tended but to do so has little value for the 
contractor whose problem is to improve 
production on his own job of necessity 
must realize that generalities and aver- 
ages are a poor approach to the solution 
of his specific problems. It is well enough 
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that he should know that mixers are sel- 
dom properly operated and that the truck 
supply is commonly inadequate, but be- 
fore he can set about the correction of his 
own low production, he must have the 
facts as to specific conditions on his own 
job. These he should obtain just as they 
have been obtained for these studies by 
making stop-watch records over such pe- 
riods as may be needed in order to clearly 
show what delays are occurring. With the 
fact clearly in mind that his job ought 
to be producing 48 batches every hour, it 
is as simple a problem to determine what 
delays reduce the output to 35 batches as 
it is to measure the top of a desk with a 
2-foot rule. For studies of this sort a stop- 
watch is desirable though they can be 
made with fair accuracy from the second 
hand of an ordinary watch. If contract- 
ors in this field would equip their time- 
keepers with stop watches and would re- 
quire them to take an hour’s reading 
morning and afternoon, setting down the 
results, the information obtained would 
be invaluable. 

Inspectors and superintendents should 
also be equipped with stop watches. This 
really needs no argument in its support. 
No inspector would be allowed to pass 
judgment on the dimensions of a bridge 
if the best rule he had was graduated only 
in feet. Neither would a superintendent 
be allowed to build a bridge with such a 
rule as his guide. Yet hundreds of in- 
spectors and hundreds of superintendents 
constantly direct work today where sec- 
onds are valuable on the best guesses they 
‘can make from the second hand of an or- 
dinary watch. It may be interesting to 
add that in the fastest job the bureau’s 
representatives have studied—the only 
job so far encountered on which the out- 
put was consistently maintained at above 
90 per cent of full production—the super- 
intendent had and frequently used a first- 
class stop watch. 





CONTROLLING THE CITY’S 
FINANCES 


By George H. Wood, Controller of Accounts, 
Pasadena, Calif. 

(Editor’s Note: The following paper 
was read by Mr. Wood at the 1925 meet- 
ing of the League of California Municipal- 
ities. ) 

The City Budget is the compass by 
which the financial ship of the City must 
be steered, and it is the duty of the City 
Controller or Auditor to keep close check 
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on the financial condition of all depart- 
ments and to advise the City Manager or 
governing body so that they may be 
able to steer a safe course and avoid the 
rocks of deficiency and reach port at the 
end of the fiscal year with a surplus suffi- 
cient to sail on into the next fiscal year 
until the taxes bring in another cargo. 

The duties of the City Controller or 
Auditor are prescribed by charter or 
ordinances of the City, the object being 
to fix the responsibility for accuracy 
and efficiency in accounting the City’s 
finances. 

The financial policy of the city is deter- 
mined by the governing body when the 
budget is adopted. Here the Auditor can 
be of considerable assistance to the gov- 
erning body, when considering the bud- 
get, by having available in convenient 
form statistical information which can be 
used as a guide or basis for determining 
the amount necessary to operate the vari- 
ous departments of the city. Through- 
out the year it is advisable to maintain 
a file into which can be placed memoranda 
from time to time to be taken into con- 
sideration when the budget is prepared. 
Actual work on preparation of the budget 
varies according to the size of the city, 
but should start not less than two months 
before the end of the fiscal year. 

In Pasadena the Controller prepares the 
budget forms in quadruplicate. These 
contain a statement in detail of the cur- 
rent year’s appropriations and the ex- 
penditures incurred during the first nine 
months of the fiscal year as a basis for 
departmental estimates. Uniform classi- 
fication of expense greatly facilitates the 
preparation and consideration of the bud- 
get. These forms are delivered to the 
heads of the several departments who in- 
sert their department requests. The re- 
quests are then summarized and passed 
to the City Manager for consideration 
along with comparative figures and esti- 
mated revenues. After the budget has 
been adjusted to the point where the 
expenditures are not in excess of the esti- 
mated revenues it is passed to the Board 
of Directors for approval. 


The revenues of the City are estimatea 
by the Controller, with the ~sistance of 
department heads. The amount to be 
derived from taxes can be accurately 
determined, but miscellaneous revenues 
should not be overestimated if these 
form a substantial part of the funds neces- 
sary to run the City. During the year 
emergencies may arise which were un- 
foreseen at the time the budget was 
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adopted, and the problem arises as to 
how to meet the emergency. This re- 
minds me of the last Christmas party for 
municipal employees, at which some one 
kindly fixed up a stocking for me with a 
little note addressed to Santa Claus which 
read. “Please bring me a big budget; one 
that will stretch.” If miscellaneous rev- 
enues are overestimated the budget can 
not stretch, as the only place from which 
additional appropriations can be made is 
by cutting down appropriations in one 
department to provide for expense in an- 
other. 

However, we must provide a surplus 
in the budget with which to sail on into 
the next fiscal year, as miscellaneous 
revenues are not sufficient to meet the 
expenses of the first four months prior 
to collection of taxes. This surplus might 
be drawn upon in emergency but, owing 
to the continued growth of the City, it 
is advisable to build this up rather than 
deplete the fund. 

Upon approval by the Board of Di- 
rectors each department head is furnished 
with a copy of his budget, and it becomes 
his duty and the duty of the Auditor and 
the City Manager to see to it that the 
budget is strictly adhered to. 


Budget Control 


In controlling the receipts of cash the 


plan followed in the City of Pasadena 
serves as a good auditing basis, as every 
document passed to the Cashier for pay- 
ment is controlled by a corresponding rev- 
enue document, which becomes a charge 
to Accounts Receivable. All cash coming 
into the City Treasury passes through the 
Cashier’s window and in every instance is 
supported by a cashier’s stub with num- 
ber corresponding to the revenue account 
to which the amount has been credited, 
a stub or duplicate being a part of each 
invoice when it is prepared. 

In controlling the expenditures it is 
important to know whether funds are 
available before the expenditure is made, 
and not to wait until the invoice comes 
in before determining whether a depart- 
ment has funds with which to meet the 
obligation. 

A number of smaller cities are still 
maintaining their accounting records on 
the receipts-and-disbursements plan—ac- 
counting credits to departments when 
the cash is received and only charging 
departmental appropriations when the 
cash is disbursed. The old adage, “An 
ounce of prevention is worth a pound of 
cure,” holds very true in city finances. 
Before expense is incurred it is essential 
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to prevent overdrafts by determining 
that funds are available to meet the obli- 
gation. 

The City of Pasadena accounting rec- 
ords are maintained on a revenue-and- 
expenditure basis. When service is rend- 
ered by the City, Accounts Receivable 
Account is charged and Revenue or In- 
come Account is credited. Departmental 
appropriation accounts are charged as 
soon as purchase orders are issued, the 
estimated amount of the purchase being 
set up as an encumbrance of the appro- 
priation; no purchase order being issued 
if the Department has not sufficient funds 
to cover the order. 

These records are maintained in the 
appropriation ledger, which has separate 
sheets for salaries and expense items. 
When the invoice is presented and au- 
dited the actual amount of charge is 
posted and the estimated amount can- 
celled, so that at all times the appro- 
priation ledger shows the current avail- 
able balance. The appropriation ledger 
is posted on a Burroughs machine, but 
the work was formerly all done with pen 
and ink. Further details of expenditures 
and balances are mainte*-°d in the 
Analysis of Expenditures, which is kept 
in Kardex cabinets with colored signals 
denoting the status of the accounts. By 
the aid of these records we can deter- 
mine the financial course we are sailing 
and how close we are following our bud- 
get compass. 


Budget control does not necessarily 
mean that a department must be com- 
pelled to keep within the limits of each 
specific appropriation, but it does mean 
that a department must not exceed the 
total appropriation provided, and this 
can best be controlled by prompt posting, 
as stated, and by careful analysis of the 
expenditures. Purchase orders for “Addi- 
tions to Properties,” such as purchase of 
equipment, ete., must only be approved 
if provision has been made for each item 
in the budget. Here the Controller must 
also see that, if orders for equipment are 
placed before tax collections come in, 
arrangements are made for payment at 
future dates, as the surplus is not ordi- 
narily sufficient to meet these payments. 
Purchase of supplies can be _ readily 
checked by comparing the expenditures 
with the proportionate part of the budget 
allowance for the period of the year which 
has elapsed. 

Payroll expenditures can be controlled 
by the use of salary notices indicating the 
rate of pay of each individual employed 














c., 1925 


and having the approvals of Heads of 
Departments, City Controller and City 
Manager. A monthly report should also 
be presented to the City Manager show- 
ing the amount paid and number of em- 
ployees in each department as compared 
with the previous year and previous 
month. 

In addition to the daily information 
regarding the financial condition of all 
departments, monthly reports should be 
presented to the heads of departments, 
the City Manager and the Board of 
Directors, and their attention is called to 
any excessive expenditure or decrease in 
revenue. 


The use of graphs or charts is of great 
assistance to the Controller in presenting 
the status of budget estimated revenues 
and appropriations as compared with 
actual income and expense or previous 
year’s totals; also the rise and fall of the 
general fund balance, receipts and dis- 
bursements. 

Auditing efficiency is like searching for 
the pot of gold at the end of the rainbow; 
it is worth seeking but it is never reached, 
as one efficient step leads to another. 





_ PREVENTION OF DEPOSIT IN 
WATER MAINS 


By William Ransom, City Surveyor of Wor- 
cester, England. 


(Presented at West Midland District 
meeting of the Institution of Municipal 
and County Engineers held at Birming- 
ham, England in November, 1925.) 

The water engineer has many problems 
to solve when undertaking to provide the 
public with an adequate domestic supply 
of water, for not only has he to purify 
the water, but he has to see that it is ade- 
quately distributed at the necessary pres- 
sure. 


The area of supply is constantly in- 
creasing and extending beyond the origi- 
nal limits. Water mains which were orig- 
inally large enough to supply the various 
districts become inadequate, and com- 
plaints of poor supply and pressure have 
to be met by enlarging the mains. 

The mains and services, too, become in- 
crusted or filled with deposit, and so im- 
pede the normal supply of water that the 
quantity of water that can be delivered 
through the mains is but a small propor- 
tion of that for which they were designed. 


As the inner surface of the mains be- 
comes rougher by incrustation or deposit, 
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the additional friction causes an increas- 
ing loss of head. The incrustation of 
water mains has therefore a great bearing 
upon the financial side of a water under- 
taking. The renewal of water mains in 
these days of high prices is a very im- 
portant item, and anything that can be 
done to prevent incrustation or deposit, 
and so prolong the effective life of water 
mains, will defer a large capital outlay. 


During recent years many water mains 
have been renewed so as to relieve un- 
employment. The demand for pipes has 
exhausted stocks, and in some cases pipes 
have been laid where the preservative 
coating has not been thoroughly dry or 
properly hardened before being laid in the 
trenches. 

Complaints have arisen, especially after 
hot weather, as to a tarry flavour being 
imparted to the water, and the only rem- 
edy appears to frequently flush the new 
length of mains. 

It is not proposed to deal in this short 
paper with the ordinary forms of incrus- 
tation due to corrosion or to a graphitic 
change in the metal, but rather with the 
causes of deposit other than active corro- 
sion. 

Causes of Incrustation 


Water mains can have their waterway 
almost filled up by incrustation and de- 
posits, caused by chemical or electrical 
actions, but deposits are also formed by 
means of microscopical organisms. 


One of the causes of deposit and discol- 
oration in water is the presence of an ex- 
cess amount of carbon dioxide. If the 
iron be not protected, the metal is at- 
tacked, and produces a ferrous carbonate, 
which in the presence of water containing 
earbon dioxide will remain soluble. 


When this ferrous carbonate is able to 
absorb oxygen a brown hydrate is deposi- 
ted. If this absorption occurs in the 
water main a deposit is formed in the 
pipes which will quickly choke the mains 
if not removed by flushing or scraping. 
If the ferrous carbonate be passed on to 
the consumer, oxygen will be absorbed 
from the atmosphere and, after the water 
has first become turbid, a brown hydrate 
will be deposited, discoloring all utensils 
with which it comes in contact. 


Waters of this nature present a serious 
problem to the engineer, for choking of 
the mains and services will be continually 
taking place, and the only real remedy is 
to remove the carbon dioxide. This can 
be effected by aerating the water in the 
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presence of substances able to absorb the 
carbon dioxide. 


The inner surface of the water mains 
should be protected as much as possible 
so as to minimize the contact between 
carbon dioxide and the metal, and to pre- 
vent ordinary forms of corrosion. A ce- 
ment lining to cast-iron pipes will afford 
an adequate protection, but the ordinary 
means of protection is to dip the pipes 
into Dr. Angus Smith’s_ preparation, 
which consists of a mixture of coal tar 
or pitch oils and rosin. 


The process is described in the British 
Standards Specification as follows: 


“The casting shall be heated to a suit- 
able temperature not exceeding 250 deg. 
Fahr., and perfectly coated in the most 
approved manner by being dipped in a 
bath of approved composition maintained 
at a temperature of not less than 300 deg. 
Fahr., not more than 330 deg. Fahr., ac- 
cording to Dr. Angus Smith’s process. 

“When the pipe is removed from the 
bath it shall be properly drained, and the 
coating must fume freely and set hard 
within an hour. 

“If the coating does not so fume the 
pipe should be recoated.” 


Cement-lined pipes are coming increas- 
ingly into use, and provide a non-corros- 
ive face internally with the full strength 
of a cast-iron pipe. The centrifugal cast- 
ing of pipes, which is used to produce 
the Delavand pipe, gives a much harder 
pipe, and one less liable to corrosion, 
than the ordinary cast-iron pipe. 


Deposits are sometimes caused in mains 
by sand and small gravel being carried 
from the filters. This is due to faulty 
filtration by placing too much pressure 
upon the filters. Carelessness in main 
laying or service laying will sometimes 
admit gravel or sand into the mains, caus- 
ing dislocation of domestic supplies. 

Hard waters will, of course, cause de- 
posits of calcium carbonate, but these 
waters can be treated satisfactorily by one 
of the well-known processes of water soft- 
ening. 

Other deposits are found in water mains 
which are varied and complex, and in the 
majority of cases are due to the action of 
iron bacteria. 


Tron Bacteria 


Iron bacteria have a great influence 
upon deposits formed in pipes. Their life 
history has been closely studied by Dr. 
David Ellis, and he has classified those 
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which chiefly affect the water engineer 
as follows: 

. Leptothrix ochracea. 

. Gallionella ferruginea. 

. Cladothrix dichotoma. 

. Crenothrix polyspora. 

. Spirophyllum ferrugenium. 


of Wd 


These bacteria all require organic mat- 
ter to enable them to thrive and, while ab- 
sorbing this pabulum iron is deposited 
in the sheaths or coating of the organism. 
While the supply of food lasts the organ- 
isms multiply rapidly, but with the re- 
moval or exhaustion of the food the or- 
ganisms die down, leaving their iron-im- 
pregnated casings to be deposited in the 
mains or reservoir. 


Acid waters are found to be more favor- 
able to the growth of the organisms, so 
that water from moorlands and peaty dis- 
tricts are especially liable to be affected 
by the growth of iron bacteria. 


Alkaline waters give a certain amount 
of protection from such bacterial action. 


Slimy growths of a long, sinuous na- 
ture are produced by the iron bacteria, 
especially gallionella and spirophyllum, 
and are found in reservoirs as well as the 
mains. 


The presence of iron is not essential to 
the growth of these organisms, but whefe 
iron is present it is absorbed and subse- 
quently deposited. 


Iron bacteria have an indirect influence 
upon the corrosion of iron mains, as they 
may help in the oxidation of the iron by 
introducing carbon dioxides. Chemical 
and electrical actions are primarily re- 
sponsible for incrustation, but corrosive 
action may be aggravated and accentu- 
ated by the presence of the iron bacteria. 
’ Bacterial growth of iron organisms in 
reservoirs should therefore be guarded 
against, as an attacking agency may be 
introduced into the water mains which 
will increase the corrosion of the iron and 
cause deposits consisting of the dead or- 


‘ganisms, which in time will help to per- 


petuate the bacterial growth by providing 
the food for succeeding generations of 
bacteria which may be introduced into 
the mains. 


The growth of algae in reservoirs 
should be checked, as the vegetation may 
become detached and pass into the main. 
If the water be treated with a copper 
sulphate solution the growth of the algae 
can be kept in hand. 

In this country it is seldom necessary 
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to provide an iron removal plant. The 
mere presence of iron is not sufficient for 
the development of the iron bacteria. 
There must be organic matter, and where 
there has been efficient purification littie 
opportunity is given for the development 
of iron bacteria. In America, where drift 
water is sometimes used for domestic pur- 
poses, iron is present to an appreciable 
extent, and special means have to be 
adopted for its removal. The crenothrix 
organisms develop rapidly, and the drip- 
ping of the water gives a statin to porce. 
lain and other material. This organism 
has been studied by many investigators in 
Germany and America. In connection 
with the Rotterdam water supply, which 
was badly affected with this growth, a 
commission appointed by the city author- 
ities reported that the organism is one of 
the largest in the whole group of bac- 
teria. Although the cells are invisible to 
the naked eye, they are united end to end 
as to form threads or filaments, which in 
turn tend to make flocks or masses visible 
to the naked eye. 


The presence of iron in the water was 
formerly thought to be necessary to the 
life of the organism, but investigators are 
now of the opinion that this is not the 
case, but that in the presence of iron the 
organism can absorb the mineral into its 
sheath or outer covering and upon the 
death of the organisms a slimy gelatinous 
matter is deposited, consisting of iron and 
dead organic matter. 


In America the method adopted for the 
removal of iron consists in aeration and 
intensive sand filtration. The raw water 
is saturated with oxygen and then filtered 
through coarse sand, which has to be reg- 
ularly washed to restore its filtering prop- 
erties. 


The prevention of deposits due to iron 
is most effectually done by efficient filtra- 
tion, which by removal of the pabulum 
or organic matter will prevent the devel- 
opment of the iron bacteria. 


The presence of iron in the water apart 
from deposit is, of course, highly objec- 
tionable from a domestic point of view 
for plumbing fixtures become stained, 
linen becomes iron-moulded, an@ a dis- 
agreeable smell and flavor are often im- 
parted to the water. 


Complaints are sometimes received that 
small worms have passed through the 
taps and are being delivered to the con- 
sumer. There is no evidence that these 
have come from the mains. Dr. Houston 
is of the opinion that they have travelled 
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up the tap upon the consumer’s premises 
and become dislodged upon a discharge of 
the water. 

It would be an interesting point of in- 
vestigation whether the use of leather 
washers has any effect upon the water and 
if the leather affords a breeding ground 
for the development of micro-organisms. 





ECONOMICS OF STRENGTHENING 
AND WIDENING PAVEMENTS 


By W. H. Connell, Engineering Executive and 
Acting Secretary of Highways, Pennsyl- 
vania Department of Highways, 
Harrisburg, Pa. 

(Presented at 1925 meeting, at Detroit, 
of American Association of State High- 
way Officials.) 


The economics of strengthening and 
widening of pavements, while not a new 
highway problem, is more or less new in 
so far as the State Highway Departments 
are concerned. This is a problem which 
the cities, particularly the larger ones, 
have been wrestling with for a number of 
years, whereas the highway problem of 
the State Highway Systems has been 
more or less confined to constructing new 
pavements of a width and strength ade- 
quate for the traffic needs. The designs 
of the present day, in so far as the strength 
is concerned, are based on the estimated 
future traffic needs for a long period of 
time, while the width in many instances 
is based only on the present and esti- 
mated future traffic needs for a few years 
hence. This is due to the fact that the 
general policy has been not to make the 
pavements any wider than was absolutely 
necessary until the entire highway sys- 
tems are continuously improved. This is 
a very proper policy as a paved, connected 
highway transportation system in every 
state is of first importance. This justifies 
constructing pavements of a width of 18 
ft., in many instances where 30 or 40 ft. 
would be preferable. When the highway 
systems are continuously improved, it is 
perfectly practicable to widen the pave- 
ments when necessary and as the funds 
become available. 

Traffic Capacity of Highways 

As a matter of fact, an 18-ft. pavement 
has a very considerable traffic capacity. 
In a paper read before the American So- 
ciety of Civil Engineers in December, 
1924, by Mr. A. N. Johnson, Dean of the 
University of Maryland, it was shown 
from actual traffic investigations made in 
Maryland that a two-lane road would 
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carry as great as 1,000 vehicles per hour 


without inconvenience to mixed traffic, 
the faster traffic having opportunity to 
overtake and pass the slower moving ve- 
hicles, and that for occasional peak traffic 
it will discharge readily with traffic mov- 
ing at an average speed of 25 miles per 
hour at least to 1,600 vehicles per hour. 
The forenoon and afternoon peak traffic 
on the roads on which these investiga- 
tions were made was 30 per cent to 50 per 
cent more than the average hourly traffic 
for the day. Thus, if 1,000 vehicles repre- 
sented the peak hourly traffic, the average 
daily traffic would be 7,200 vehicles for a 
12-hour day, and with a peak hourly traf- 
fic of 1,600 vehicles, the average daily 
traffic would be 11,500 vehicles for a 12- 
hour day, which could be accommodated 
on a two-lane road without congestion 
occurring. 


Strength and Economics 


Pavements, however, in each instance, 
should be constructed of a strength that 
will be adequate to take care of the esti- 
mated future traffic needs for a stated pe 
riod, based upon the estimated economic 
life of the different types of pavement un- 
der specific traffic conditions. The eco- 
nomic pavement for each situation is the 
pavement that will adequately serve the 
traffic needs for the least annual cost. 


The annual cost in each instance em- 
braces the interest and sinking fund on 
the capital outlay and the annual main- 
tenance charges, minus the saving in op- 
erating cost on the present highway. The 
factors affecting the operating costs are 
the difference in distance, line, grade and 
road surfaces between the two highways. 
In some instances, the present and esti- 
mated future traffic on outlying highways 
doets not justify an expenditure for any 
kind of a road surfacing, while in other 
cases the economic surfacing for the esti- 
mated future traffic over a stated period 
of years might be gravel, bituminous sur- 
face-treated macadam, penetration maca- 
dam, bituminous concrete on a stone base 
or a durable type of construction, which 
will be defined as a concrete pavement or 
a pavement having a concrete foundation. 
It would not be an economy to construct 
one of the flexible types of pavement, even 
though it might serve the immediate traf- 
fic needs, in instances where the esti- 
mated future traffic will consist of a con- 
siderable amount of heavy truck loads in 
sufficient numbers to destroy the pave- 
ment prior to the expiration of its eco- 
nomic life. For example, a pavement of 
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this type might serve the present-day traf- 
fic for the least annual cost for a period 
of 15 to 20 years, whereas if the traffic 
about 5 or 10 years after the construc- 
tion of the pavement was too heavy for 
the type constructed, destruction of the 
pavement by this traffic would result in 
an annual cost during its life that would 
be greater than the annual cost of a more 
expensive durable type of construction of 
sufficient strength to serve this traffic for 
the same period of time. Likewise, an ex- 
pensive durable type of construction 
would not be the economic pavement in 
instances where one of the less costly 
types of construction would serve the 
traffic needs for a stated number of years 
at a less annual cost than the durable 
type. 

The kind of analysis that should be 
made before determining wpon_ the 
strength and width of pavement in each 
instance makes it necessary to have suf- 
ficient data at hand to estimate the vol- 
ume and character of the traffic that the 
pavement will be required to serve for a 
period of years. The present traffic can 
be obtained through a count, but an in- 
telligent estimate of the future traffic 
must be based upon a study of the terri- 
tory served by the proposed transporta- 
tion system of which the highway under 
consideration is a part. 


The character and volume of the traffic 
on roads that compose a highway system 
will vary in proportion to the population 
and pursuits of the population that each 
section of highway serves. In communi- 
ties where the population and its pursuits 
are similar, the traffic is likely to be the 
same both in character and volume, but 
where the highway serves communities 
of like population but with different pur- 
suits the character of the traffic will vary. 
For instance, there may be the same vol- 
ume of traffic on a highway serving a 
popular summer resort as on a highway 
in the vicinity of coal mines, or in a com- 
munity in which there are several indus- 
trial or manufacturing plants. In the 
latter two cases, however, there would in 
all probability be a considerable number 
while there would be only a small num- 
of heavy truck loads using the highway 
ber of heavy truck loads using the high- 
way serving the summer resort and only 
during the summer season, so that in all 
likelihood the economic pavement for the 
highway serving a summer resort would 
not be of sufficient strength to be the eco- 
nomic pavement for the highway serving 
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the industrial and manufacturing com- 
munities or the coal mines. 


It is necessary, therfore, to have data 
indicating the physical characteristics of 
all the sections served by the highway sys- 
tem, industrial, manufacturing, mining, 
resort areas, etc., population and its pur- 
suits of the different communities and sec- 
tions served, location of the railroads with 
respect to the highways, and all other per- 
tinent information that will affect the 
highway traffic. These considerations 
are just as important factors affecting the 
proposed strengthening and widening of 
pavements as in the original construction. 


This basic information was obtained in 
Pennsylvania in the Highway Transport 
Survey started in 1923, and through the 
data at hand it has been possible during 
the past three years for the Department 
to operate on a practical and sound eco- 
nomic basis in determining upon the 
strength and width of pavements con- 
structed on the Pennsylvania Highway 
System. This has embraced not only the 
construction of new pavements, but also 
the thickening and widening of several 
types of existing pavements. 


The underlying principles governing 
the determination of the strengthening of 
an existing pavement are exactly the 
same as the principles involved in deter- 
mining upon the strength of the original 
pavement. The economic width of a pave- 
ment that requires widening likewise in- 
volves the same principles as those ap- 
plied to the determination of the width 
of the original construction, with this not- 
able exception: Until the highway system 
is completed, a width of two traffic lanes, 
of 9 or 10 ft. each, or an 18 or 20-ft. pave- 
ment, will in most instances carry the 
traffic over the road but not at as desir- 
able a speed and with the same measure 
of safety on a heavy traffic road as a 
wider pavement, so that while the eco- 
nomic width until the system is com- 
pleted, on certain highways might be 18 
or 20 ft., the economic width on the same 
highways, after the system is completed 
and when there are funds available, would 
be three or four traffic lanes of 9 or 10 ft. 
each, preferably 10 ft., or a pavement of a 
width of 30 or 40 ft. 


Strengthening and Widening in Penn- 
sylvania 
On the Pennsylvania Highway System 
there are both flexible and durable types 
of construction and a considerable mile- 
age of the flexible type of construction is 
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strengthened every year. There are also 
instances where the durable type of con- 
struction is strengthened. The durable 
types, of course, are comparatively new, 
but as time passes there will be a very 
great mileage of these types which will 
require strengthening. 


The methods used in strengthening the 
flexible types are more or less standard 
and have been for a number of years. The 
practice in Pennsylvania, based on the 
economics in each individual instance, is 
briefly as follows: 


When a gravel or an oilbound stone 
road (which is a pavement consisting of 
from 3 to 6 ins. of stone without screen- 
ings and annual applications of cold tar) 
requires strengthening and a bituminous 
surface-treated macadam resurfacing is 
adequate for the estimated future traffic, 
such a surfacing is determined upon, and 
in most instances this is the case with 
these types of roads because they are us- 
ually in the outlying sections where there 
is very little traffic or little likelihood of 
traffic. 


When biutminous surface-treated mac- 
adam roads require strengthening, in 
most cases the estimated future traffic 
requirements indicate that a _ stronger 
type is necessary. In some cases a pene- 
tration macadam or bituminous concrete 
surfacing will be sufficient, while in oth- 
ers a replacement with a durable type or 
widening with a durable type on the dual 
type plan are the logical solutions. 

Where the replacement plan is adopted 
and the indications are that the increased 
traffic will consist of any appreciable 
amount of heavy trucking, concrete pave- 
ment is specified, and likewise in widen- 
ing with the durable type where it is 
expected there will be any appreciable 
amount of heavy trucking, the widening 
consists. of concrete slabs. 


Where the traffic is heavy in volume but 
does not consist of any appreciable 
amount of heavy trucking, the widening 
consists of concrete slabs. 


Where the traffic is heavy in volume 
but does not consist of any appreciable 
amount of heavy truck loads, sheet as- 
phalt or bituminous concrete on a con- 
crete base can also be used. 


Strengthening and ..Widening ..Durable 
Types in Pennsylvania 


Route 1, Lincoin Highway—In Malvern 
Borough, Chester County, a section of this 
highway 2,701 ft. in length was con- 
structed during 1918 with reinforced con- 
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crete, 1-2-3 mixture, 16 ft. in width, 5 ins. 
in depth at the side and 7 ins. in depth 
at the center, with flat subgrade. The re- 
inforcing on this pavement is 25-lb. fabric 
placed 2 ins. below the surface of the pave- 
ment, and the length of constructed slabs 
was 40 ft., with pre-moulded expansion 
material between the slabs. The average 
daily summer traffic for 1924 was about 
3,250 vehicles, of which about 350 were 
trucks. The average yearly daily traffic 
for 1924 was about 2,500 vehicles, of 
which about 262 were trucks. It is esti- 
mated that the traffic ten years hence will 
be about double the present traffic. 

On account of the restricted width and 
the heavy traffic, during 1923 it was 
found necessary both to widen the pave- 
ment and to strengthen the edges where a 
number of corner breaks had occurred. 
This was accomplished by placing a strip 
of concrete, 2 ft. in width, along each edge 
of the pavement. The cross section used 
was 10 ins. in depth at the outer edge 
with horizontal subgrade carried under 
the edge of the old pavement for a width 
of 6 ins. and for a depth of 6 ins. under 
the edge of the old pavement. Two 5% in. 
square deformed bars were placed 2 ins. 
from the bottom of the section at dis- 
tances 4 and 16 ins. from the outer edge. 

The highway has been under traffic two 
years since the edges have been widened 
and strengthened, and there have been no 
evidences of failure of either the old pave- 
ment or the widened section. 

Route 9, Yellowstone Trail—On this 
main highway between Cleveland and Buf- 
falo, immediately west of the city of Erie, 
a section 13,750 ft. in length was con- 
structed during 1918 with 1-2-3 reinforced 
concrete, 16 ft. in width, 5 ins. in depth 
at the side, 7 ins. in depth at the center, 
with flat subgrade, reinforced with 25 Ib. 
fabric, placed 2 ins. below the surface. 
Pre-moulded expansion joints were placed 
every 40 ft. 

The average daily summer traffic for 
1924, was 4,300 vehicles, of which 268 
were trucks. The average yearly daily 
traffic for 1924 was 3,000 vehicles, of 
which 135 were trucks. It is estimated 
that the traffic ten years hence will be 
about double the present traffic. 


An effort was made to maintain suit- 
able shoulders with gravel, which, on ac- 
count of the restricted width, was not 
economical and, during 1923, it was found 
necessary to widen the pavement to 24 
ft., and to strengthen the edges on ac- 
count of a considerable number of cor- 
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ner breaks which had occurred. The cross 
section of the widening on each side was 
a slab 4 ft. in width from the edge of 
the old pavement, 8 ins. in depth, uni- 
formly from the outer edge to a point 
within 12 ins. of the edge of the old slab 
where the depth was increased 4 ins. and 
carried under the edge of the old pave- 
ment slab for a distance of 6 ins. and a 
depth of 7 ins. making the total depth of 
new and old concrete on the edge 12 ins. 
This slab, which consisted of 1-2-3 con- 
crete, was reinforced with bars placed 2 
ins. below the surface of the pavement, 
two of which were spaced 4 ins. and 12 
ins. from the outer edge, and one spaced 
4 ins. from the inner edge of the new slab. 


The improvement has been under traffic 
for two years, and there has been no 
failure of either the old pavement or the 
new. 


Route 69, Armstrong County—On this 
main highway between Kittanning and 
Pittsburgh, a brick section, 11,515 ft. in 
length, was constructed in 1912, 14 ft. in 
width, including a 12-in. flush concrete 
header curb on each side. The base was 
composed of crushed stone 6 ins. in depth. 


The average daily summer traffic for 
1924 was 800 vehicles, of which 50 were 
trucks. The average yearly daily traf- 
fic for 1924 was 500 vehicles, of which 40 
were trucks. It is estimated that the traf- 
fic ten years hence will be about double 
the present traffic. 

Due to the restricted width and heavy 
depth of sand bed, the brick surface had 
become quite irregular, so that the bricks 
in many instances were broken and in 
general were not worth salvaging. The 
whole pavement was resurfaced with con- 
crete in 1924, widening it uniformly 2 ft. 
on either side to provide a standard pave- 
ment, 18 ft. in width. The new paving 
section was placed directly on the old 
brick paving but the top of the header 
curb was beveled off toward the outer 
edge. The concrete slab over the brick 
was constructed with a practical mini- 
mum depth of 5 ins. and the 2 ft. widened 
strip on each side was made uniformly 9 
ins. in depth. The slab was reinforced 
with 65-Ib. fabric, with the heavier mem- 
bers placed transverse to the center of the 
pavement. 


This section of highway was constructed 
without center joint with transverse 
joints approximately 150 ft. apart, and 
there are very few cracks of any kind in 
it and none over the edge of the old pave- 
ment. 
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Route 4, Susquehanna Trail—In Lycom- 
ing County, adjacent to the east city line 
of Williamsport, a section of brick pave- 
ment, 2,664 ft. in length with 2-in. sand 
cushion on a 6-in. base-of 1-3-6 concrete 
was constructed in 1907. The section of 
pavement was 30 ft. in width with a 
single track street railway in the center, 
occupying a section 7 ft. in width, which 
paving was separate from the remainder. 
A stone curb was constructed along the 
outer edges. i 

The average daily summer traffic for 
1924 was 3,500 vehicles, of which 244 were 
trucks. The average yearly daily traffic 
for 1924 was 2,500 vehicles, of which 206 
were trucks. It is estimated that the traf- 
fic ten years hence will be about double 
the present traffic. 

The old pavement had become very 
rough due to the irregular hardness of 
the brick and the excessive depth of sand 
cushion. It was decided, in 1923, to re- 
surface this section with reinforced con- 
crete, replacing the old brick and sand 
cushion with a slab 6 ins. in depth. Sixty- 
five pound reinforcing fabric was placed 
2 ins. below the surface of the finished 
pavement with the heavy members longi- 
tudinal with the center of the pavement, 
and construction joints were placed at 
about 50-ft. intervals. The work was done 
independently of the street car section. 


This section of pavement has been sat- 
isfactory, indicating no inherent weak- 
nesses. The resurfacing is of a greater 
depth than would ordinarily be used on 
account of conforming to the existing 
structures. 


Route 221—In Blair County, adjacent to 
the city of Altoona, on what is known as 
the Buckhorn Road, which is subject to 
heavy coal hauling from mines in the 
mountains to the city for domestic con- 
sumption, the Department constructed 
in 1913 a section of pavement 26,624 
ft. in length, 16 ft. in width, the surface 
being asphaltic concrete, 2 in. in depth. 
with 12-in. header curb on either side, 
and a 5-in. base of 1-3-6 concrete. 

The average daily summer traffic for 
1924 was 938 vehicles, of which 274 were 
trucks, including many 26,000 lb. loads. 
The average yearly daily traffic was 664 
vehicles, of which 208 were trucks. It 
is estimated that the traffic ten years 
hence will be about double the present 
traffic. 


On account of the great predominance 
of heavy coal trucking towards Altoona, 
the old pavement was broken down and 
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from time to time has been partially re- 
placed. During 1924, a contract was let 
for the resurfacing of 12,751 ft. of the 
pavement, consisting of a minimum depth 
of slab of 5 ins. placed on the old concrete 
base, excepting 2,000 ft. where the mini- 
mum depth of slab is being constructed 4 
ins. in depth. The old header curb was 
split off to the elevation of the top of the 
old base. The pavement was widened to 
18 ft. and is being constructed with a 
longitudinal center joint. The additional 
width is being built entirely on one side. 
The pavement is being reinforced with 42 
lb. fabric with heavy members laid trans- 
versely 2 ins. from the surface of the pave- 
ment and a % in. round deformed mar- 
ginal bar placed 4 ins. from either edge 
and 4 ins. from the center joint on each 
half-section of pavement, and laid imme- 
diately below the fabric reinforcing. The 
outer edge of the pavement beyond the 
old base course is carried to the depth of 
the bottom of the old base course, and is, 
therefore, 10 ins. in depth where the cen- 
ter slab is 5 ins. in depth and 9 ins. in 
depth where the center slab is 4 ins. in 
depth. 


This resurfacing is now under con- 
struction and due to the fact that there 
are no available detours, traffic is being 
handled and the construction done in half 
widths. The 4-in. slab construction on this 
project is the minimum depth of concrete 
resurfacing that has been used in this 
State, and due to the heavy truck loads, 
we will soon be able to judge the dur- 
ability of the pavement. 


Route 1, Lincoln Highway—In Bucks 
County, between Philadelphia and Tren- 
ton, New Jersey, a section of highway 
2,440 ft. in length was built in 1919 by 
the Pennsylvania Railroad as part of a 
grade crossing elimination project. 


The pavement consists of a section 19 ft. 
in width with 21% ins. of bituminous sur- 
face on a concrete base 6 ins. in depth at 
the edges with flat subgrade and a 12-in. 
flush header curb on each side. ‘The base 
was constructed with poured expansion 
joints at approximately 30-ft. intervals. 


The average daily summer traffic for 
1924 was 8,600 vehicles, of which 1,050 
were trucks. The average yearly daily 
traffic was 6,677 vehicles, of which 888 
were trucks. It is estimated that the 
traffic ten years hence will be about 
double the present traffic. 

The old pavement was more or less di- 
lapidated due to poor drainage. It was 
resurfaced with reinforced concrete, a 
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minimum depth of 5 ins. being placed over 
the old bituminous surface. The header 
curb was split off and a 6-in. widening 
outside of the old section on either side 
was carried to the bottom of the base 
course, or a total of 1 ft. and 1 in. in 
depth. The reinforcing consists of 65-lb 
fabric with main members laid trans- 
versely and %-in. round deformed margin- 
al bars 2 ins. below the finished surface 
and 4 ins. in from the outer edge and 
from the longitudinal construction joint 
in the center. One-half inch square steel 
dowels 4 ft. in length were carried 
through the longitudinal center joint ty- 
ing the slabs together. 

This section of highway was recently 
completed and was constructed in half 
width, carrying the heavy Lincoln High- 
way traffic continuously. While the first 
half was being constructed and traffic was 
using the other half of the old road there 
was considerable vibration of the new 
concrete which has resulted in a great 
many fine irregular cracks in the pave- 
ment slabs which do not appear in the 
half of the pavement built last, when traf- 
fic was passing over the new concrete sec- 
tion. The effect this condition may have 


on the life of the pavement will be ob- 
served with considerable interest. 
Route 1, Lincoln Highway—Immediate- 


ly west of Philadelphia, in Delaware, 
Montgomery and Chester Counties, the 
old macadam turnpike was reconstructed 
into a broken stone base course and sur- 
faced with a 2% in. sheet asphalt wearing 
surface in 1918 for a length of five miles 
adjacent to Philadelphia. During the fol- 
lowing year nine miles more were recon- 
structed in a similar manner except that 
the surfacing was a 2-in. asphaltic con- 
crete modified Topeka mixture. 

The average daily summer traffic for 
1924 was 7,500 vehiclse, of which 900 were 
trucks. ‘The average yearly daily traffic 
for 1924 was 5,400 vehicles, of which 600 
were trucks. It is estimated the traffic 
in ten years hence will be about double 
the present traffic. 

The surface on these sections was 
placed 18 ft. in width and considerable 
stone from the oldturnpike was left in 
the shoulders. The development along 
this section of highway is mainly resi- 
dential, but there are also large schools 
and towns of considerable size. Some sec- 
tions of the sheet asphalt and consider- 
ably more of the asphaltic concrete have 
been patched with asphaltic concrete, but 
the pavement as a whole is in fairly good 
condition. 
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It was decided during the present year 
to widen this pavement for a distance of 
approximately ten miles west from Phila- 
delphia, providing four traffic lanes, each 
10 ft. in width. This is being accomplished 
by constructing a new reinforced concrete 
slab 10 ft. in width on either side with 
a 6-in. high curb, leaving the present pave- 
ment in the center, thus obtaining the 
full salvage value of it, and placing a 1-ft. 
strip between the new concrete lanes and 
the original 18-ft. pavement with sheet 
asphalt upon a concrete foundation. Over 
the major length of this section traffic is 
being maintained during construction. 

The section being used for the new con- 
crete lanes is 6% ins. in depth at the 
edge adjacent to the bituminous pave- 
ment and the 8 ins. in depth under the 
curb, the top surface and bottom surface 
of the concrete conforming to parabolas. 


A 6-in. curb on the outer edge is cast 
monolithically with the concrete pave- 
ment. Reinforcing consists of marginal 
bars, one being used 2 ins. below the sur- 
face and 4 ins. in from the thin edge, and 
two being used 2 ins. below the concrete 
surface, 4 ins. and 12 ins. respectively, in 
from the outer edge of the pavement. 

The grading, drainage and concrete pav- 
ing are being done by contract. and the 
necessary repairs to the bituminous pave- 
ment in the center are being done by the 
Department’s forces. 


Route 1, Lincoln Highway—In Chester 
County, from the Borough of Downing- 
town eastward, the highway has been 
maintained as a_ bituminous surface- 
treated macadam pavement for the past 
ten years. It was formerly an old stone 
toll road. It was generally about 18 ft. 
in width and the foundation was good, 
this being one of the oldest highways in 
the country. 


The average daily summer traffic for 
1924 was about 4,300 vehicles, of which 
about 260 were trucks. The average 
yearly daily traffic for 1924 was about 
3,000 vehicles, of which about 250 were 
trucks. It is estimated that the traffic 
ten years hence will be about double the 
present traffic. This section of highway 
was maintained as a bituminous surface- 
treated macadam until this year when it 
required reconstruction or resurfacing. It 
is now being widened on the dual type 
pian. 


This method consists of preserving a 
10-ft. width of the old macadam surface 
in the center. Two new 10-ft. reinforced 
concrete slabs will be constructed, one on 
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either side, giving a highway width of 30 
ft. with concrete for continuous traffic and 
the center madadam strip for passing. 
The concrete slabs are 6% ins. in depth 
adjacent to the macadam and 8 ins. in 
depth at the outer edge, reinforced with 
%,-in. diameter round deformed bars 
placed 2 ins. below the finished surface, 
one being placed 4 ins. in from the thin 
edge and two being placed 4 ins. and 12 
ins., respectively, in from the thickened 
edge. The top and bottom of the slabs 
conform to parabolas. 


The grading, drainage and concrete pav- 
ing are being done by contract, and the 
necessary repairs to the bituminous sur- 
face-treated macadam in the center are 
being done by the Department’s forces. 


General Methods of Strengthening and 
Widening of Durable Types 

The strengthening and widening of dur- 
able type construction in cities has !n 

most instances usually consisted of, where 
just strengthening was concerned, increas- 
ing the thickness of the concrete founda- 
tions or replacing an asphalt or brick 
pavement on a concrete foundation with 
a granite block pavement on the same 
foundation. Granite block is the heavy 
traffic pavement in most large cities: The 
widening of the pavement in cities has us- 
ually consisted of annexing part of the 
sidewalk area for the paved roadway, and 
generally the same type of pavement as 
the existing pavement has been used. 

In so far as State Highways are con- 
cerned, the strengthening and widening 
of durable type construction, while a new 
problem, deserves the greatest considera- 
tion, as it will be a most important 
factor in the future highway work when 
the present more or less new durable 
type pavements age and the traffic in 
creases. 

In a number of instances concrete pave- 
ments that have shown the effect of wear 
have been given bituminous surface treat- 
ments and also have been surfaced either 
with sheet asphalt or bituminous con- 
crete. The bituminous surface treatments, 
however, are more in the nature of main- 
tenance, or prolonging the life of the ex- 
isting pavement, and could not be con- 
sidered as methods of strengthening the 
existing pavement to carry heavier traffic 
than that for which the original pavement 
was designed. Sheet asphalt and bitu- 


minous concrete surfacing add strength to 
the pavement and prolong the life of the 
original construction, but the problem of 
the future is not only going to be to 
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strengthen the pavement to a modified de- 
gree and to prolong the life of the existing 
pavement, the real problem will be to 
strengthen the existing pavement to carry 
considerably heavier loads than those for 
which it was originally designed. This 
will necessitate adding to the thickness of 
the durable construction whether it be 
a concrete pavement or another type on 
a concrete base. 


A survey of what has been done in this 
respect indicates that the strengthening 
of the durable type construction, whether 
it is a concrete pavement or a sheet as- 
phalt or bituminous concrete or brick 
pavement on a concrete base, has con- 
sisted of surfacing the existing pavement 
with a concrete slab from 2 to 7 in. thick- 
ness. 


The following is a number of the spe- 
cific instances where this character of 
work has been done showing the date, 
thickness and method of resurfacing, also 
the present condition of the pavement. 
These data are not the result of a person- 
al inspection, but as reported by the au- 
thorities in charge or other engineers who 
have made personal inspections, the ac- 
curacy of the statement relative to de- 
sign, methods, thickness and present con- 
dition, therefore, no doubt in some in- 
stances, is subject to correction and will 
be corrected upon information from the 
responsible officials in the localities re- 
ferred to. 


Strengthening and Widening Durable 
Types in the United States 

California State Highway, Resurfacing 
Since 1918—For a number of years the 
standard surface for state highways in 
California was a concrete slab 4 ins. thick 
mixed 1:2144:5. In 1917 this mixture was 
changed to 1:2:4, and in 1920 the thick- 
ness was increased to 5 ins., and still later 
to 6 ins. 

A great many miles of these old con- 
crete roads have been resurfaced and 
widened by building a 2%-ft. concrete 
shoulder on both sides of the old 15-ft. 
pavement and by placing a new 4-in. con- 
crete slab on the old pavement, the new 
slab being monolithic with the new shoul- 
ders. One-quarter inch reinforcing rods 
on 18-in. centers were placed in the mid- 
depth of the resurfacing slab transversely 
and extend across the shoulders. In s6éme 
cases the new shoulder and resurfacing 
were laid on one side of the center line 
at a time and traffic used the other side. 

In a number of other instances the 4-in. 
pavement was resurfaced and widened to 
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20 ft., the resurfacing being 6 ins. thick 
at the center, 7 ins. thick at the edge of 
the old base, and thickened to 9 ins. at 
the outer edge. Three-eighth inch de- 
formed reinforcing bars 4 ft. long were 
placed transversely in the widened strip 
and extending into the resurfacing over 
the old base and other bars were placed 
longitudinally 6 ins. and 4 ft. from the 
outer edge, thus forming a steel mat in 
the widened section extending across the 
edge of the old base. 


These pavements are reported to be 
giving satisfactory service. There is a 
very considerable mileage of resurfacing 
by these two methods in California. 

A number of the counties have also 
done considerable concrete resurfacing on 
old concrete pavements and the thickness 
of the resurfacing has been from 4 ins. 
to 7 ins. and the methods are somewhat 
similar to those described in the state 
work. 

Boston Post Road, West Haven, adjoin- 
ing West River—Reinforced concrete re- 
surfacing 4 ins. thick over the old road, 
9 ins. thick in additional width, 79-lb. 
mesh. Constructed in 1921. At present it 
is reported in excellent condition and al- 
though on close inspection it is possible 
to find very fine cracks, none of these 


have yet been mentioned, nor would they 


warrant it. Connecticut State Highway 
Department can give details of construc- 
tion. 

Warsaw Street, Toledo, Ohio—A short 
section of concrete road built in 1912 was 
damaged by frost. In the spring of 1913 
the original surface was carefully cleaned, 
covered with dry cement, which was 
sprinkled with water and worked up with 
wire brooms into a neat cement grout. A 
new concrete surface was then placed, 
using a maximum of %-in. size stone, the 
thickness of the resurfacing varying from 
1 in. at the edge of the road to 2 ins. at 
the center, the pavement being 26 ft. wide. 
A very light wire mesh was placed in the 
resurfacing. This road was reported to be 
in first-class condition in 1923, after ten 
years of service. Information by L. T. 
Owen, City Engineer, Toledo, Ohio. 

West Market Street, Savannah, Mis- 
souri, was paved in 1914 with an asphalt 
surface on a concrete base. Due to im- 
proper construction the surface disinte- 
grated within a few months. In 1915 the 
surface was removed and replaced with a 
concrete surface, 2 ins. thick at the sides 
and 3 ins. thick at the center, a light 
steel mesh reinforcement being used. This 


Vol. LXIX—6 


job is reported to be in first-class condi- 
tion after ten years of service, although 
the character of the work was not such 
as to produce a good riding surface. 

North John Street, Aylmer, Ontario, 
Canada—A concrete pavement poorly built 
in 1912 was resurfaced in 1915 with a 
layer of reinforced concrete 2 ins. thick 
at the gutter lines and 3 ins. thick at the 
center. 

Reports in 1924 show this pavement 
in good condition, after nine years of serv- 
ice. There has been no separation in the 
slabs and there has been practically no 
maintenance charge on the pavement. In- 
formation by W. E. Stewart, Aylmer, On- 
tario. 

Bridge Street, Oswego, New York—The 
old bituminous surface was removed from 
a 5-in. concrete base in 1919 and a layer of 
concrete reinforced with wire mesh aver- 
aging about 4 ins. in thickness was laid. 
This resurfacing is reported to have 
proved satisfactory. Reference, John T. 
Collins, Commissioner of Public Works, 
Oswego, N. Y. 

Gratiot Road. Wayne County, Michigan 
—Laid in 1910 with 5-in. base, 1:214:5 
mix, with a Dolarway surface. This job 
was resurfaced in 1917 with 4 ins. of re- 
inforced concrete pavement, at the same 
time being widened 20 ft. In 1923 the 
pavement was widened by an addition of 
a 10-ft. strip of concrete. At the end of 
eight years of service this road is in good 
condition, although there have been some 
structural failures and a small amount of 
maintenance required. This is a heavy 
traffic road. Reference—E. N. Hines, 
chairman, Wayne County Road Commis- 
sion, Detroit, Michigan. 

Ada County, Idaho—A plain concrete 
road built in 1913 from 4 to 5 ins. thick 
was resurfaced in 1920 with 3 ins. of re- 
inforced concrete, the top of the old road 
being given a thin coat of Tarvia before 
the new surface was laid. This road is re- 
ported in good condition. 

New York State two years ago resur- 
faced the Syracuse-Cicero Road, about two 
miles in length, with from 3 to 5 ins. of 
reinforced concrete. The road is reported 
to be in good condition. Reference—W. 
M. Acheson, Weigh Lock Building, Syra- 
cuse, N. Y. 

Cabbott Street, Holyoke, Massachusetts 
—From Main Street to Canal Street a 
distance of 1,422 ft. was resurfaced with 3 
ins. of concrete in the summer of 1924. 
The street is 33 ft. wide with a car line 
in the center. The 3-in. concrete resurfac- 
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ing is 12 ft. 8 ins. wide on each side of 
the tracks, 

The resurfacing was placed on an old 
concrete base, 6 ins. thick, built with 
Rosendale (natural) cement; the surface 
was swept clean and wet thoroughly. Neat 
cement was dusted over the base and 
brushed in thoroughly just ahead of the 
new concrete. The mixture was 1:1%:3, 
the coarse aggregate being traprock rang- 
ing from % to 1 in., and the fine contain- 
ing approximately 10 per cent of stone 
dust. It was mixed for a full minute ina 
drum mixer equipped with boom and 
bucket. 

The reinforcement consisted of % in. 
square deformed bars so spaced as to give 
7.2 lbs. of steel to the Square yard, and 
placed near the bottom of the new con- 
crete. Expansion joints were spaced 100 
ft. apart. 

The pavement has developed transverse 
hair cracks at approximately 50-ft. inter- 
vals, but there is no wearing or disintegra- 
tion of the concrete at these points or any- 
where else. 


Jefferson Street, Kirksville, Missouri— 
This street was originally paved with a 
5-in. cement concrete foundation and a 2- 
in. bithulithic wearing surface. Mainten- 
ance of the original pavement was he- 
glected and it was subject to very heavy 
coal hauling traffic from nearby mines 
consisting of 3 to 5 ton loads of coal 
hauled in narrow steel tired farm wagons. 
In 1917 it was necessary to remove the 
bituminous surface from the concrete base 
and resurface with cement concrete. 


The concrete base was first thoroughly 
cleaned by sweeping with brooms and was 
then flushed with a hose stream. Dry 
cement was sprinkled over the wet sur- 
face and a layer of concrete, mixed 1 part 
of cement, 2 parts sand and 3 parts trap- 
rock was placed 4 ins. deep. A 45-lb. steel 
mesh reinforcement was placed in the cen- 
ter of this resurface layer. The new sur- 
face was finished by rolling, belting and 
the use of a wood float. Expansion joints 
were formed in the resurfacing at inter- 
vals of 40 ft. 


In 1923 this pavement was reported to 
have carried traffic for six years without 
any maintenance cost. Reference—Ben 
Crabtree, City Engineer, Kirksville, Mo. 


Description of New York State Experi- 
mental Highway No. 5470, by W. M. 
Acheson, Division Engineer 


The old surface was built of first-class 
concrete in 1914 and 1915. It was placed 
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on a clay loam subgrade and the general 
profile is one of easy grades over a rolling 
country. No real cuts were encountered 
and drainage was not a serious problem. 
The old road metal had a section of 4%4in., 
6%4-in., 45%4., being thickest in the middle 
and built in blocks 16 ft. wide and 30 ft. 
long. The sand used was one of a very 
fine character, and the concrete, as was 
then the practice, was placed very wet. 
This resulted in a very wavy surface. The 
joints were placed at right angles to the 
center line and were known as the “ar- 
mor plate” type. ‘These consisted of two 
plates of 3-16 in. metal, separated by a 
¥% in. layer of bituminous felt. The plates 
were about 3 in. in depth and did not 
go to the bottom of the slab. Each plate 
was set in its individual slab by means of 
anchors about 1 ft. long and spaced about 
every 18 ins. It is interesting to note 
that while this type of joint is obsolete, 
very few breaks or spawls occur at the 
joint with the exception of corner breaks. 
The corner breaks are doubtless due to 
the fact that no reinforcement was used 
in the old pavement. 

It was determined to resurface approxi- 
mately one mile of the northern end of 
S. H. 5,470 as an experiment, for several 
reasons. One reason was that it is about 
the heaviest-traveled road in this section 
of the state, carrying over 7,500 vehicles 
in ten hours. Another reason was that 
this portion was badly cracked and 
warped, and only by taking the worst con- 
ditions would the experiment prove of 
any value. 


Some time in advance of construction 
a crack survey was made of the proposed 
experiment and every crack, joint and dis- 
integrated portion was carefully plotted 
to the scale of 1 in. — 10 ft. This was 
done mainly to ascertain if any of the 
cracks in the old surface would affect the 
resurfacing. It is proposed to repeat the 
crack survey at intervals and compare 
the most recent survey with the original. 
It should be noted in connection with the 
crack survey, that while the old surface 
was built in blocks 16 ft. wide, there was 
not a single block in a length of 5,310 ft. 
that did not have a longitudinal crack 
very nearly in the center of the block. 
This would seem to justify our present 
system of laying pavement in two longi- 
tudinal strips. The last 280 ft. were cov- 
ered with a layer of bituminous material 
varying from % in. to 2 ins. in depth. As 
this was not removed, the cracks under it 
remain indeterminate. The concrete was 


placed directly on the bituminous carpet 
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to ascertain if its presence had any effect 
on the resurfacing. 

To facilitate the keeping of records each 
block was given a number consecutively 
from 1 to 176, instead of using the ordi- 
nary method of stations every 100 ft. 
This is also true with the southerly 300 ft. 
which have been assigned alphabetical 
letters. Henceforth all references will be 
made to the number or letter of the block. 
As the numbers or letters were painted 
direcly on the old pavement, the keeping 
of records was made much easier. 


In considering the design of the old 
pavement it must be borne in mind that 
no attempt was made to bond the old road 
with the new, in fact, this was not con- 
sidered feasible as he old road had be- 
come oil-soaked through nearly ten years 
of motor travel. However, block No. 83, 
center strip, has no reinforcement and 
under this block neat cement was sprin- 
kled lightly on the old pavement. It will 
be interesting to observe what will happen 
to this portion. 

The thinnest section called for in the 
resurfacing is 3 in., 3%4in., 3 in. and the 
thickest section 5 in., 4 in., 5 in., the mid- 
dle figure referring to the center thick- 
ness in each case. These varied some- 
what widely and the pavement actually 
ran as deep as 6% ins. in places where the 
old pavement was sagged and warped out 
of shape. 

The reinforcement was of two types, 
wire mesh and bar mat, divided into sep- 
arate sections. 


The wire mesh reinforcement consisted 
of members spaced 6 ins. apart in each di- 
rection, the wires varying from No. 1 
gauge to No. 8 gauge in different combi- 
nations, the longitudinal wire being heav- 
ier generally, but in some cases equal in 
size to the transverse wires. The weight 
per 100 sq. ft. varies from 42 lbs. to 78 
lbs. 

The bar mat reinforcing consisted of % 
in. diameter bars spaced from 10 to 18 ins. 
apart longitudinally and from 8 to 15 ins. 
apart transversely in various combina- 
tions, and in one case the bars of equal 
spacing in each direction. 

The sand used was a washed variety 
and obtained near Cazenovia, Madison 
County. It is somewhat coarse, running 
about 60 per cent, 62 per cent by volume, 
through the No. 20 screen. 

The stone was Onondaga limestone and 
obtained at Jamesville. It consisted of 
No. 2 stone containing about 25 per cent 
by weight of No. 1 stone. 
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The forms used were of wood and 
varied in thickness according to the dif- 
ferent sections. They were fastened to 
the old pavement by means of pins which 
were driven in holes previously drilled by 
a pneumatic drill. To obtain a true even 
surface, these forms were blocked up over 
depressions with wooden wedges. No 
theoretical grade was established, the 
forms merely being set by eye to follow, 
as nearly as possible, the old surface. 


Previous to resurfacing all badly disin- 
tegrated portions were removed and re- 
placed with new concrete. These patches 
were allowed to dry and cure, so that no 
bond might be established at these points. 


Just prior to laying concrete tne old 
surface was swept clean and wet down 
thoroughly to aid the curing of the resur- 
face slab as much as possible. 

The types of joints used were poured 
and premoulded. Poured joints were used 
on all except the last 18 joints which 
were premoulded. <A special device for 
cutting the joint material to fit the oid 
road was devised, as all joints were set to 
grade so that the screed could pass dis 
rectly over them. 


The laying of concrete followed closely 
the New York State specifications which 
include the use of two screeds or strike- 
off boards. The first of these is quite 
heavy and shapes the concrete roughly. It 
is operated by four men. Two men follow 
with the second screed, which is lighter 
and is worked more rapidly than the 
first. Ih this manner the pavement has 
all surface voids filled quickly. The in- 
terior voids are closed by spading the con- 
crete directly in front of the first screed. 
Behind the screeds two men _ operate 
what is known as the “belt”. In this 
sase a 14 in. cypress board % in. in thick- 
ness was used. As soon as the concrete 
had set sufficiently the road was broomed 
with an ordinary house broom, and the 
edges tooled. In curing it was found that 
due to the old road being more or less dry, 
the conerete dried out at an amazing 
rate, and unless the burlap was applied 
almost as soon as the surface had been 
broomed, hair cracks would result. This 
had to be adhered to at the risk of mar- 
ring the surface with the burlap. More- 
over, the burlap had to be sprinkled con- 
stantly. 'The constant sprinkling of the 
burlap is important and cannot be over- 
emphasized. 


Stress has been layed thus far on the 
resurfaced portion, as this is the real ex- 


periment. However, mention must be 
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made of the widening which ran the en- 
tire length and was 8 ft. wide, making a 
total of 24 ft. of pavement. The widening 
had stretches of 8 in., 7 in., and 6 in. 
depths and is reinforced in a manner sim- 
ilar to the resurfacing, except that the 
southermost 300 fi. have wing bar rein- 
forcement, a new departure in this part 
of the state. Aside from tli%se points, the 
widening has no unusual features. 

“Twenty-four hour cement” was used on 
the area in front of the proportioning 
plant and with very good results, as 
loaded trucks were run over it 24 hours 
after it was placed. 

It is, of course, too early to give any 
definite results of the experiment as frost 
and snow have yet to place an undeter- 
mined strain upon it. However, a daily 
inspection shows no deterioration under 
the heavy traffic now going over it. 

There are numerous other instances of 
resurfacing with reinforeed concrete 5 to 
8 ins. thick. Such slabs, however, are vir- 
tually a new pavement, but if a 5-in. slab 
on an old 6-in pavement will carry loads 
that would require an 8-in. pavement, the 
resurfacing is justified. If, however, the 
5-in. slab on an old 6-iii. pavement will 
only carry loads which a 6-in. pavement 
would carry, then it would probably be 
more desirable to discard the old pave- 
ment and build a new one. There is a 
limit to the economic maximum thickness 
of resurfacing with reinforced concrete as 
against a complete replacement of the 
pavement. 

Conclusions 

Strengthening Durable Types—These 
examples of strengthening durable types 
have been submitted as it is only through 
a close observation of the serviceability 
and annual cost of the different methods 
and thicknesses of surfacing that have 
been used that we can determine upon the 
economic thickness of concrete surfacing 
for strengthening durable type construc- 
tion under varying traffic conditions. 


The economic thickness of the surfacing 
will always be the necessary thickness to 
carry the estimated future traffic. There 
should be no skimping in the cost, nor 
should there be any unnecessary extrava- 
gance in the cost. 

At the present day this economic thick- 
ness for given traffic conditions is far 
from being solved. If there could be a 
perfect bond between the old and new con- 
crete so that the surfacing would simply 
act as part of the existing pavement in 
many instances a 1l-in. thickness is all 
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that would be necessary. The problem 
today, therefore, is to determine the min- 
imum thickness of surfacing that will be 
necessary to insure that a concrete pave- 
ment of a given thickness will, after addi- 
tional surfacing has been placed, carry 
traffic that a pavement 1, 2 or 3 ins. 
thicker than the original pavement would 
carry. In other words, if a 6-in. pavement 
will carry a certain load and the problem 
is to care for traffic that a 7-in. pavement 
will carry, what is the minimum thickness 
of concrete surfacing of the existing 6-in. 
pavement that will be required? 

Thus far this field has been somewhat 
limited, and while experience of the past 
will be a factor in the solution of the 
problem, the more or less extensive ex- 
prience in this class of work in the near 
future will, no doubt, result in the defter- 
mination of standard thicknesses of con- 
crete surfacing for existing pavements to 
carry estimated traffic loads. 

Widening—The widening of existing 
pavements is a somewhat different prob- 
lem. In the course of time all the main 
State highway routes will have to be 
widened or parallel routes will have to be 
constructed. In most instances the exist- 
ing routes will, in all probability be 
widened before parallel routes are con- 
structed. Therefore, looking to the fu- 
ture, the first step is to provide a suffi- 
cient width of right-or-way for the fu- 
ture needs. 


In Pennsylvania surveys are being made 
and plans are being filed for the ultimate 
width of right-of-way of the tSate high- 
ways. The width of right-of-way in each 
instance is based upon the estimated fu- 
ture traffic requirements, that is, the ulti- 
mate right-of-way will consist of a suffi- 
cient number of 10-ft. traffic lanes to 
carry the future traffic. The maximum 
width of right-of-way is 120 ft. and the 
minimum 60 ft. A 120-ft. highway will be 
used in instances where there is a double 
line of street railway tracks. These tratks 
will be located in the center of the high- 
way, a 30-ft. width being provided for this 
purpose. On either side of the railway 
tracks the roadway will consist of 30 ft., 
or three traffic lanes in either direction. 
One can be used for parking, one for slow 
moving vehicles and one for fast moving 
vehicles, and the remaining area of 30 ft. 
or 15 ft. on either side, will be used for 
sidewalk purposes. 

The 60-ft. right-of-way is intended to 
take care of a 40-ft. pavement, consisting 
cf four 10-ft. traffic lanes, two in either 
direction, and 10-ft. sidewalks. 
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The other highway widths are planned 
on the same basis, that is, to provide suffi- 
cient 10-ft. traffic lanes to take care of 
the estimated future traffic. This traffic 
for right-of-way purposes is not the traffic 
10 or 20 years hence, but 50 or 100 years 
hence. 

There is a feeling that in many in- 
stances the traffic congestion on some of 
our highways can better be served by pro- 
viding parallel routes for trucking. Such 
parallel routes, however, will only be be- 
tween the large centers of population that 
are not too widely separated to justify 
from an economic standpoint, this method 
of transportation. 


The strengthening and widening of 


pavements is the State Highway problem © 


of the future and one in which the ex- 
penditure of enormous sums of money 
will be involved. 7 


Now is the time to make intensive 
studies and investigations with a view to 
formulating principles and methods so 
that the future traffic will be adequately 
provided for and the highway expendi- 
tures controlled by cool, impartial and un- 
biased judgment based on the economics 
in each instance. 





MODERN STREET LIGHTING 


By F. H. Winkley, General Electric Co., 
Schenectady, N. Y. 
(Presented at the 1925 meeting of the 
American Society for Municipal Improve- 
ments.) 


Various phases of engineering enter 
into the construction of a modern street 
or thoroughfare. The engineer who spe- 
cializes in street surfacing is primarily 
interested in the sub-structure and the 
covering; the sanitary engineer in the 
sewer system that underlies it; the city 
planning engineer in its dimensions, in 
its ornamental features and in its utility 
as part of a general scheme of facilitating 
travel; the illuminating engineer in its 
lighting, and so on. 

Each is particularly interested in the 
phase that is related to his own field. He 
judges the street by whether the pave- 
ment is well constructed, whether it is 
equipped with proper sewers, whether it 
meets traffic conditions, or whether it 
is well lighted, as the case may be. He 
is apt to overlook the fact that the real 
basis of judgment is whether all these 
factors have been satisfactorily handled. 
The street is a good or bad street, from 
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a construction standpoint, in proportion 
to the extent to which each of these 
items is good or bad. Moreover, this is 
the basis on which, to a large extent, 
the public will render its judgment. 


Hence every engineer concerned with 
street construction should be interested 
in each of these factors, and should do 
what he can to see that satisfactory work 
is done in each respect. And street 
lighting should have a conspicuous place 
in this. Upon it depends the safety and 
comfort of traffic over it by night, the 
security and comfort of those who live or 
have places of business on it, and the 
safety of their property. 

Modern street lighting is the result of 
constant progress and has reached a high 
state of efficiency. In its beginning the il- 
lumination of thoroughfares might well 
have been termed interrupted darkness. 
That was when the old open are lamp 
was located at street intersections and 
simply acted as a marker. 


In all probability it was sufficient 
when Old Dobbin was the prime mover in 
the vehicular world, but during the last 
20 years urban transportation conditions 
have changed very materially. The fact 
that there are somethfhg more than 17 
million automobiles in the United States 
has necessitated many changes in the 
width of streets in the paving, and also 
in the illumination of thoroughfares. 
Systems of first and second class business 
streets, boulevards, residential streets 
and highways have been worked out by 
city planning commissions; and illumin- 
ating engineers, with the co-operation of 
the architects, have designed lighting 
equipment suitable for these various 
types of thoroughfares. 


The appalling number of traffic acci- 
dents makes better street lighting a civic 
necessity of first importance. In 1923, 
22,600 persons were killed, 678,000 were 
injured, and $600,000,000 of economic loss 
was incurred, in traffic accidents. Statis- 
tics indicate that poor illumination was 
responsible for more than 17 per cent of 
the accidents that occurred at night. 


The protection against accidents that 
proper lighting provides has not been 
equitably distributed. There has been a 
tendency to illuminate adequately our 
principal business streets and to neglect 
the secondary business and the residen- 
tial streets and the boulevards. This has 
been, and still is where it is followed, a 
poor policy. It is a policy that is being 
changed by progressive cities, however. 


There has been a similarly unwise and 
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unjustified division of the tax dollar. 
Analysis shows that hardly three cents of 
it is expended for street lighting—an 
amount which, when the importance of 
thoroughfare illumination is given the 
consideration to which it is entitled, is 
altogether too small. The average sum 
per capita expended by municipalities in 
the United States for street lighting is 
less than one dollar. It should be about 
three dollars. 

The illumination of our highways is a 
subject that should be given considera- 
tion. A few years ago illuminating engi- 
neers were asked by automobile club offi- 
cials to design automobile headlights 
which would entirely eliminate the ob- 
jectionable glare which casues so many 
traffic accidents. The glare was elimin- 
ated, but the headlight is ineffective. In 
order to have the proper pick-up dis- 
tance on an automobile headlight, a cer- 
tain amount of glare is absolutely neces- 
sary; and as long as this can not be 
eliminated, the illumination of the high- 
ways is the only offset. Highway 
lighting units which overcome this glare 
have therefore been devised, and they 
represent the real solution of the prob- 
lem. Highway lighting is an improve- 
ment that, so far as the main routes of 
travel are concerned, must come in the 
near future—is coming now, as a matter 
of fact, in various sections of the coun- 
try. 


Floodlighting is another subject in 
which the municipal engineer should be 
interested. Because of its various utili- 
tarian and spectacular applications, it 
plays a most important part in the field 
of outdoor lighting. For example, an 
electrical fountain in a park presents a 
beautiful spectacle at night. The streams 
of water and the spray are illuminated 
with colored floodlighting projectors, 
and various combinations of water pres- 
sure and color changes produces fascinat- 
ing kaleidoscopic effects. The flood 
lighting of public buildings, monuments, 
playgrounds, etc., promotes civic pride, 
adds to their appearance and tends to cre- 
ate a cheerful atmosphere after Old Sol 
has done his day’s work. Decorative 
lighting is not merely an effective fea- 
ture in connection with ‘municipal Christ- 
mas trees, pageants and other undertak- 
ings of the kind, but is an almost indis- 
pensable adjunct to them. 


May I repeat the plea that street light- 
ing be given the consideration by all 
engineers to which its importance en- 
Let me add that to all engineers 


titles it? 
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it has a double interest—an interest from 
the standopint of good citizenship as 
well as from a professional standpoint. 
The proper illumination of our streets 
and highways is something in which we 
must inevitably have a concern, not 
merely because it represents an import- 
ant branch of our profession, but be- 
cause the safety, comfort and conven- 
ience of all citizens depends on it. Good 
lighting is safety insurance of a very 
practical kind. 





SPECIAL USES OF ASPHALT DIS- 
TRIBUTORS IN ROAD MAIN- 
TENANCE 


By William E. Worcester, Kinney Mfg. Co., 
Boston, Mass. 
(Paper read at Fourth Asphalt Paving 
Conference at Detroit, Mich., Oct. 21-23, 
1925.) 


Let’s start out and define an asphalt 
distributor, since in many places any 
truck or trailer with a tank and manifold 
that may be used to transport liquid ma- 
terial to the road, is considered a distrib- 
utor. As a matter of fact, however, 
transporting the material to the road 
while necessary, is incidental, and may 
be accomplished by various satisfactory 
methods, but a distributor is a device for 
measuring bituminous materials on to 
the road with temperature of material 
and quantities under absolute control, 
and should have the following character- 
istics: 

1. A distributor to be used for all the 
various types of asphalt maintenance 
should always have a heating system, 
and such a machine should always have 
means for circulating or agitating the as- 
phalt while heating or it will be burned 
and coked in some spots before other 
parts of the material are hot enough to 
apply. 

The machine with which I am most fa- 
miliar has an oil burning heating system 
and circulates the asphalt from one end 
of the tank to the other while heating, 
by means of a pump. 

2. The nozzles should be arranged so 
that the material strikes the road with 
sufficient pressure to drive off fine loose 
dust particles and to spray the material 
uniformly without streaks or bare spots, 
but they should, under no circumstances, 
atomize the material. Best results either 
for hot or cold materials are obtained 
by a sheet of material striking the road 
surface under pressure. 
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3. There should be mechanical rela- 
tion between the speed of the vehicle and 
the output of the machine, so that the 
quantity applied and the yardage covered 
are in a fixed ratio without depending on 
the operator’s skill to adjust the machine 
while in motion. It should be possible to 
set the machine for any desired quanity. 

When you consider that practically 
every distributor now made in the United 
States has an output of from 200 to 350 
gals. per minute, it is easy to see that 
the possibilities are in favor of extremely 
bad results if this problem is left to the 
operator. 

4. A distributor should be provided 
with lateral movement to the spray bar 
manifold to aid the operators in lining up 
their applications io prevent’ either 
streaks between or lapping of the appli- 
cations in the middle of the road. 

5. A thermometer should be furnished 
and so located in the tank that a true 
reading can be obtained; since the tem- 
perature limits at which various materials 
should be handled are rather close. 

The above are fundamentals; many oth- 
er refinements are highly desirable, such 
as connections for a hand patching hose, 
arrangements to make the machine self- 
loading from tank cars or storage; and 
equipment that is readily demountable so 
that the truck chassis may be used for 
other work. 

A machine such as described above 
will successfully handle the following op- 
erations: 

1. Apply dust laying and cold oils to 
dirt, gravel and macadam streets and 
roads. 

2. Apply thin paint coats to concrete 
or other bases prior to laying asphaltic 
concrete, Filbertene or similar tops. 

3. Apply such asphalt cut back mate- 
rials for surface treatments as Pennsyl- 
vania State Highway “C,’ Ohio ‘Cold 
Oil,” or Maryland “Liquid Asphalt” that 
may require twenty or thirty degrees 
heat but may be pumped cold from tank 
cars, thus avoiding the necessity of 
steaming the cars. 

4. Apply low penetration asphalts for 
resurfacing of brick streets with asphalt 
tops. 

5. Apply grades required for penetra- 
tion construction, hot surface treatments 
and sealing old hot mix pavements. 

6. Patch holes (hot patch method) 
and apply material along park drives and 
walks, using hand hose where manifold 
is impractical. 
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For the above work a successful dis- 
tributor should have a capacity range 
per square yard from 1-10 to 2 gals. 


Besides the more usual uses of dis- 
tributors, the State Highway Department 
of Virginia has found it highly profitable 
to use their distributors during the 
colder months when they were not in reg- 
ular use, to transport cold patch mate- 
rial for their maintenanee crews. 

Formerly, this material was purchased 
in barrels or metal drums which were 
rented from the material companies, or 
the barrels purchased with a refund when 
returned in good condition. By purchas- 
ing in tank cars a considerable saving 
was made in initial cost. Drums were 
purchased outright and distributed along 
the roads, the material being pumped 
into the distributor with its own pump, 
and then the drums filled on the road 
from the machine, saving freight and cart- 
age on the drums and earning good rental 
on equipment which would otherwise be 
idle. 

A Florida contractor with a consider- 
able amount of asphalt filler to apply to 
brick streets, found his distributor would 
handle brick filler at high temperature, 
applying it through the patching nozzle 
at a great saving in costs over the usual 
hand poured system, 

Distributors are frequently used to un- 
load tank cars to storage. The city of 
Boston, for many years, used theirs as an 
auxiliary to the fire department for dump 
fires, filling it with water, however, in- 
stead of asphalt. 

The importance of intelligent operators 
is frequently sadly overlooked. The oper- 
ators should be more intelligent than the 
ordinary unskilled laborer. While most 
of his work is simple, from a mechanical 
standpoint, the value of the materials 
handled is considerable, and if a mess is 
made with the application of bitumen, the 
preparation of the road and covering ma- 
terial is at the same time largely wasted, 
so that careless operation can easily in- 
volve the loss of several hundred dollars 
in three or four minutes. Coked material 
will not bind the road, nor will too cold 
material. If too much material is applied 
the road will roll, if too little, it will 
ravel. The operator must do the think- 
ing since the machine can not. 


Since there is so much possibility of 
faulty construction of penetration macad- 
am streets, and surface treatment, due to 
the use of improperly designed distribu- 
tors, I would like to see this association 
use its influence to have inserted in state, 
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county and city specifications at least the 
five fundamentals first mentioned, as re- 
quirements for an “approved distributor” 
and I believe the results of such a speci- 
fication would be a much larger propor- 
tion of successful work and a greater use 
of asphalt and asphaltic oils. 


CALIFORNIA MOTOR REVENUES 
LESS THAN ESTIMATED 


(Editor’s Note: The following state- 
ment is published to suggest to those re- 
sponsible for highway financing measures 
that'it is easily possible to over-estimate 
revenue from motor vehicle gasoline 
taxes and license fees.) 

Motor vehicle registrations for the year 
1925 in California and the State Highway 
Commission’s income from gasoline tax 
funds are below any predictions made 
during the recent legislative session. 
They even fall slightly below the esti- 
mates of the Highway Investigating Com- 
mittee. 

This announcement is made by State 
Highway Engineer R. M. Morton. The 
annual program of the State Highway 
Commission must be based on predictions 
of the amount to be received; therefore, 
the highway department closely studies 
all the returns. 

Reviewing the situation as developed 
by the apportionments made by the State 
Controller and the Motor Vehicle Depart- 
ment, Mr. Morton recently issued the 
following statement: 





“During the session of the Legislature 
last spring numerous conflicting predic- 
tions were made as to the amount of 
money that would be available under 
present statutes for the maintenance and 
reconstruction of state highways. The 
money for this work is supplied by motor 
vehicle registration fees and gasoline 
tax funds, one-half of the net returns of 
which are apportioned to the California 
Highway Commission. 

“All apportionments for the year 1925 
have now been made, and a comparison 
of the actual returns with estimates of 
a year ago is possible. 


Gasoline Tax Income 


“The Highway Commission has re 
ceived as its share of the gasoline tax 
fund during 1925 the sum of $6,868,945.94. 
The Highway Investigating Committee 
estimated that the income this year from 
this source would be $7,100,000. Esti- 
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mates of the oil companies and others 
were much higher. 

“The Highway Investigating Commit- 
tee estimated an increase of 17.11 per 
cent over the 1924 gasoline tax returns 
The actual increase was 13.29 per cent. 


Motor Vehicle License Fees 


“The — situation regarding vehicle 
license fees is as follows: 
“The total registration for 1924 was 


1,350,429. The Highway Investigating 
Committee estimated that this number 
would be increased to 1,490,000 by the 
end of 1925. Other estimators placed the 
1925 registration as high as 1,580,000 ve- 
hicles. There still remain a few weeks 
of the year 1925, but the Motor Vehicle 
Department announces that the 1925 re- 
gistration, based on eleven months, on 
account of the changing of the registration 
year to end December 31st, will be about 
1,480,000 vehicles, an increase of only 9.6 
per cent over 1924. The Highway Investi- 
gating Committee, in its report to the 
Governor, estimated an increase of 10.34 
per cent. 


No further apportionment of fees will 
be made during the present calendar 
year. The total estimated to be received 
by the Highway Commission from the 
motor vehicle fund from 1925 registra- 
tions is $3,419,525. This is an increase in 
the state’s share over 1924 of $339,866.18, 
or 11.04 per cent. The actual increase is 
considerably under ali estimates made 
last year and indicates that the former 
rapid increase in motor vehicle registra- 
tion in California is slowing down. 


“The special transportation tax on 
truck and stage lines, the estimated re- 
turn from which was placed by some at 
$600,000 annually, is tied up in court liti- 
gation and has provided no income. 


“It is predicted by the Motor Vehicle 
Department that the 1926 income from 
license fees will be reduced by $500,000 
gross, as a result of the lowering of 
registration fees on Ford cars with cargo 
bodies. This will mean that, in 1926, the 
Highway Department’s income from mo- 
tor vehicle registrations will probably 
not exceed the 1925 income. 


Must Take Conservative View 


“Although the gasoline tax and motor 
vehicle registration fees will increase, 
the highway engineer takes a conservative 
view of the amount of increase. He be- 


lieves that no better estimates are avail- 
able, as a guide to future revenues, than 
those made by the Highway Investigating 
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Committee in its report on the state 
highway situation, filed with the Gover- 
nor in February, 1925. 

“These estimates were, last spring, de- 
clared to be ridiculously low by those 
opposed to increased revenue for high- 
ways, but the amounts realized in 1925 
for state highway maintenance and re- 
construction are even less than the most 
conservative estimates available at that 
time.” 





SURFACE TREATMENT OF 
GRAVEL ROADS WITH AS- 
PHALTIC OILS 


By J. T. Bullen, Parish Engineer, Caddo 
Parish, Louisiana. 

(Paper presented the Fourth Asphalt 
Paving Conference, at Detroit, Mich., Oct. 
21-23, 1925.) 

The engineer’s problem today is not 
alone to design new pavements but to 
conserve the investments’ previously 
made in the ordinary gravel and mac- 
adam roads. 


When I say gravel I mean a sand clay 
gravel composed of from 50 to 70% water 
worn pebbles combined with 30 to 50% 
of clay and sand, with the sand predom- 
inating to some extent. The sand should 
have some coarse grains and the clay have 
good binding qualities. 


Climatic Conditions 

In Caddo Parish, Louisiana, we have 
been building gravel and macadam roads 
since 1912. Our seasons are nine months 
summer and three months of winter. Av- 
erage winter temperature is about 45° 
and average summer temperature is 83°, 
though the temperature frequently goes 
down to 16° in winter and stays above 
90° for days at a time in summer and 
frequently stays around 95° to 100°. We 
have little or no snow or ice and frost 
does not penetrate to any depth. One- 
fourth of our roads lie in the flat bottom 
lands of the Red River of the south and 
three-fourths lie in the hills with occa- 
sional grades up to 8 and 10%. Our an- 
nual rainfall is about 54 inches, and 
sometimes 16 or 18 ins. in a month. 


I surmise that many of you look on 
Louisiana as a dismal swamp alive with 
alligators, but such is far from the truth, 
as you may know when I refer to 10% 


grades. I mention these climatic and 
topographical conditions because such de- 
tails have a bearing on any kind of road 


Vol. LXIX—6 


work. We have 47 miles of paved roads 
and approximately 15 miles of macadam 
and 120 miles of gravel roads. 


Notwithstanding our 54 ins. rainfall, we 
frequently have long dry spells lasting 
for many weeks and even months. Such 
dry spells are sometimes followed by tor- 
rential rains, 3 ins., 4 ins., or even 6 or 8 
ins, in 24 hours. In the dry spells the 
clay gravel travels and gets exceedingly 
dusty and on steep grades a torrential 
rain will easily form gulleys in the sur- 
face. 

Add to such difficulties a traffic in- 
creasing at the rate of 100% annually 
and it becomes clear that an untreated 
gravel will not sustain the traffic for long, 
nor be an economical surfacing. We real- 
ized this in 1913 and, so far as I Know, 
Caddo Parish was the first locality to try 
heavy asphaltic oil as a surface treatment 
for clay gravel roads. In August, 1913, 
the first oil was applied. All of the mile- 
age to be treated had been completed 
from six months to a year and was pretty 
thoroughly consolidated and smoothed 
out. 


Method of Application 


First the gravel was very thoroughly 
swept with a rotary steel broom which 
generally removed from % to % in. of 
fine pebbles, sand and clay and deposited 
it in windrows on the shoulders of the 
road. Hand brooms of a type used on 
city streets were also used to clean any 
part of surface not thoroughly cleaned by 
the rotary sweeper. Oil was then applied 
at the rate of 1/3 to % gal. per sq. yd. at 
a temperature of 225° to 300°F. and was 
immediately covered with the sweepings 
previously swept from the surface. Our 
first oil contained about 85% to 89% bitu- 
men and was obtained from California. 


One-half of the road was treated at the 
time the other being left open for traffic 
and though 18 or 20 men followed closely 
behind the distributors, covering the oil 
with the sweeping, some vehicles would 
get on it and pull strips of oil from the 
surface before we could get it covered 
with the sweepings. The distributor’s 
nozzles, one or more, would occasionally 
become clogged and cause skips, all of 
which had to be touched up a few weeks 
later, but in 30 to 60 days’ time travel 
had ironed out the oil into an almost per- 
fect surface, resembling an asphaltic 
concrete pavement. 

The first oiling was done in August and 
in September we had 16 ins. of rain, 
which did not damage the surface in the 
least. It continued in good surface dur- 
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ing the winter of 1913 and spring of 1914. 
At the end of 12 months, with the ex- 
ception of a few breaks, it was still in 
good condition and an auto traveling 50 
miles an hour would raise scarcely any 
dust. In about fifteen months the broken 
places in the surface began to show to a 
considerable extent and at each break in 
the oil a chuck hole was forming. To 
make a long story short, in 18 months the 
general surface was very rough and not 
nearly so easy riding as the untreated 


gravel road. 


The freight on the oil made it expens- 
ive and the cost of distribution by con- 
tract seemed higher than we could afford. 

A few years later we were able to pro- 
cure the same class of asphaltic oil from 
Baton Rouge, La., at a lower price and 
with much lower freight rates and we be- 
gan the oiling of the roads in a syste- 
matic way. 


Bear in mind when I say oiling that I 
do not mean the usual coating of light 
cold oils which are frequently used as 
dust layers or even those oils slightly 
heavier which require several coats to 
form a surface. It has been my belief 
from the inception of this work that to 
quickly get the asphaltic surface on the 
gravel with the least labor, was the true 
objective. 


The Oils Used 


Consequently from the first we have 
used heavy asphaltic oil such as the 
grade known in the market as Standard 
Binder A or Texaco Macadam Binder. 
Generally we have used Binder A, the 
analysis of which is as follows: 
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gravity into our concrete storage tanks 
or be pumped into our distributors. 

Our concrete oil reservoir has steam 
coils in the lower part into which we can 
turn live steam when it is desired to 
withdraw it to distributors. 


Workmanship 


One thing I would like to stress at this 
point is in regard to the personal ele- 
ment entering into the work. 

It takes an observant, conscientious 
and painstaking foreman to get the best 
results and a complete record of each 
tank distributed should be kept. In that 
record should be noted the comparative 
character of cover (fineness or coarse- 
ness), how many days of dry weather pre- 
ceding the treatment, and every condi- 
tion of weather, surface or oil which 
might have an effect on final results. 
With such a record the failures should 
gradually be eliminated. 

It is quite easy to apply too much oil 
and without careful checking of surface 
covered, you will not always know from 
a foreman’s report whether 1/3 or % gal. 
per sq. yd. has actually been used. 

Gravel or macadam roads with steep 
grades treated with heavy asphaltic oils 
are insured against longitudinal or 
transverse gullies which would be caused 
by heavy rains on untreated surfaces. 

In a treatment apparently so simple 
the details are quite important. 

The details necessary for success are: 
First, a surfacing material bound so 
thoroughly together that when it is 
swept, the gravel or stone remains in 
place, and only a small part of the binder 


STANDARD BINDER A 


Spec. Gravity @ 77° F..... 


(pccnissaniniscoas 996/1.010 





Flash—Open Cup °F....... 


ore 390/400 





Flash—Elliott °F..... 


350/365 





Spec. Viscosity @ 25° C (77° F) 


FIR REI No Flow 





Spec. Viscosity @ 100° C (212° F) 


34/37 





Float Test @ 32° C (90° F)....... 


360/390 








Penetration 100-G 5 Sec. 77° F 





Loss @ 163° C (325° FO 5 hours 


Penetration of Residue 25° C (77° F)........ 


Float Test of Residue @ 50° C (122° F) 
Penetration 200 G. 1 Min. (32° F) 


a (1.0/3.0% 
(20 °G 


Sis slaaaiia lla dascuniasaietece tienen Too Soft 
iceiaieshein a hamsipictacs ces dca caiueapinaaanuaaimy 112/118 





Penetration 50 G. 5 Sec. (115° F)........ 





Melting Point (Ring & Ball) °F................... 


Asphalt to 100 Penetration..................... 





Soluble Carbon Bisulphide..................... 


peices 85/90% 
acre voneiensectcescobind 99.9% 





el eee 


84/86% 





pO SRR TE enna eee SOLELY Yee eel aaa 





eas ot eee 


The consistency of this asphalt is such 
that it takes considerable heat to get it 
out of the tank cars, which is accom- 
plished by connecting a steam line to the 
coils provided in such cars and this steam 
is applied for about 10 or 12 hours, or un- 
til the asphalt is hot enough to flow by 


can be swept out, leaving slight crevices 
for the oil to get its grip. 

A gravel with binder too sandy is al- 
most sure to fail, because you cannot 
sweep it clean without loosening the sur- 
face. 
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It is essential to get the surface well 
consolidated by traffic before applying 
oil, so that the gravel will not ravel un- 
der the oil. 

Apply only sufficient oil to completely 
cover the surface; the first application 
generally requiring between 1/3 and % 
ral. per sq. yd. Later applications gen- 
erally require 144 gal. per sq. yd. 

It would probably give better results if 
the oil could be left uncovered for from 
12 to 24 hours.’ With us we have féw 
roads over which to detour traffic, con- 
sequently we cover the oil immediately 
after distributing it. A gang of men fol- 
lows the distributor casting back on the 
road the fine gravel, the sand and clay 
previously swept from its surface. 

We have found these sweepings make 
an excellent cover, containing as it does, 
particles from % ins. down to fine clay. 
In casting this material on the oil, it is 
well to cast it in line parallel with center 
line and not transversely. The cover 
must be in quantity sufficient to prevent 
vehicles from picking up the oil. 

After the first application there will be 
no sweepings, therefore cover will have 
to be hauled in for subsequent treat- 
ments. We sometimes ship in a coarse 
sand for this purpose and sometimes use 
a fine pea gravel or broken stone with 
dust left in. 


The stone is probably to be 
preferred, though we find a sand graded 
from fine to coarse serves excellently for 
the purpose. j 

I have.even seen the oil covered with 


and, to my surprise, it 
ironed out in good shape. The clay is not 
desirable for several reasons, one of 
which is, that it leaves no grit in the 
surface to reduce slipperiness. 

As a matter of fact, we find that our 
oiled roads are not slippery; the cover 
composed of the sand and small pebbles 
or stones gives it a good, almost non- 
skid surface. 


stiff red clay 


Repairing Breaks 

In repairing the breaks in the oil, we 
use Standard Cold Patch or Texaco Cold 
Pateh which costs about 16c per gal. in 
barrels. This we mix with small stones 
and allow it to cure for a few days so 
the volatile oils may escape, and this 
material is spread cold and tamped in 
place after cleaning out loose material 
from holes and painting holes with cold 
patch, or some other thin asphaltic oil. 

Don’t begin using oil on your roads un- 
less you can, and will, afford to apply a 
renewing coat of say 4 gal. per sq. yd. 
at intervals of 12 to 18 months and pre- 
pare to begin patrolling oiled roads as 
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soon as oiled. The little breaks must be 
touched up with oil from hand pouring 
pots or with cold patch as soon as they 
appear. 

I don’t think there is any question of 
the economy of such a surfacing. We 
are compelled to use a soft marble for 
macadam roads—a material which under 
our traffic of 1,000 to 4,000 vehicles per 
day would wear into deep holes and ruts 
in two or three months unless protected 
by an oil mat. 

With the oil surface, this same mate- 
rial does sustain the above mentioned 
traffic for years at a time, with practic- 
ally no loss of material and no rutting. 
We have such macadam surfaces con- 
structed over five years ago within 3% 
miles of the Courthouse at Shreveport 
(a city of 75,000) and carrying heavy oil- 
field traffic, and they have been main- 
tained in good surface for less than $500 
per mile annually and with no additional 
rock. 

Several coats of oil have been applied 
and sufficient oil has now been applied 
to cause some waviness in surface. 

A little later we will have to scarify 
the surface lightly re-roll it and re-oil it. 

The same statements apply to many 
miles of our clay gravel roads which are 
in excellent condition several years after 
first application of oil. 

The Louisiana Highway Commission 
has been keeping a careful check of traf- 
fic on the state highways, and, in a recent 
issue of their monthly magazine, it is 
stated that the maintenance costs on un- 
treated gravel roads amount to about 
$600 per mile annually and that notwith- 
standing this expense for maintenance, 
traffic is wearing away or winds and 
rains carrying away about 1 in. of gravel 
per year, estimated to cost $1,000 per 
mile per year, or a total cost of approxi- 
mately $1,600 per mile per annum. With 
the oil surfacing, the $500 or less, per 
mile maintenance charge is the total an- 
nual cost, because the gravel cannot wear 
away, blow away or wash away. 

Then consider for a moment the saving 
which oiling effects for the users of the 
road. Information from university tests 
and actual costs in several parts of this 
country indicate that the saving to auto- 
mobile owners in gas, oil and tires ef- 
fected by a paved surface in comparison 
with an ordinary gravel surface is at 
least 14% cents per mile and even 2 cents 
per mile. I am convinced that, as com- 
pared with a loose gravel surface such 
as we have in Louisiana during our long 
dry spells, the saving effected by oil sur- 
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facing must be at least 2 cents per mile. 

As a matter of fact, one of our transfer 
companies runs about 50 buses a day 
over different routes out of the city of 
Shreveport. Some of these buses are 
confined to roads almost exclusively sur- 
faced with oil, while others are kept on 
gravel roads unsurfaced, and although 
these unsurfaced gravel roads are ma- 
chined almost daily, they have much loose 
gravel. In looking over the statement 
of maintenance costs on the equipment of 
this company which had been worked out 
in the cost per mile, I was interested in 
the fact developed by those costs, that 
the buses operating over the untreated 
gravel roads were costing about 2 cents 
more than those operating over the paved 
and the oil surfaced roads. And the dif- 
ference in cost to the Transfer Company 
on seven buses operated over the un- 
treated road amounted to $6,000 more 
than for the same mileage in a year over 
the oil surfaced roads. 

This, mind you, is but the loss of one 
company on seven buses. What must be 
the loss to the whole traffic? 

Of course you must add to these sav- 
ings by the use of oil, the very great sav- 
ing to the people in the abatement of the 
dust nuisance; the increased pleasure in 
the use of the road; the decided factor 
of safety in the prevention of collisions 


caused by dust and the enhanced value 
of property along the road because of the 
abatement of the dust. 


Cost 

I think I have made out a case for 
oil surfacing; what then is the cost? 

We keep careful cost accounts on all 
our work, and for five or six years we 
find that there is but little variance in 
the cost. It runs from 5 to 8 cts. per sq. 
yd. for first treatment, or $500 to $800 per 
mile on an 18-ft. surface. These costs 
include $30 per day for use of oiler, also 
the cost of sweepers, labor, foremen, 
trucks and covering material. The cost 
varies depending on length of haul, 
length of the stretch to be oiled and some 
other variable factors. 

We sometimes take the oil over 40 
miles from town and apply it at not to 
exceed 8c per sq. yd. 

If we could continue this work over any 
regular period, using the equipment each 
day, we could reduce these costs consid- 
erably, but we only oil, or re-oil, a mile, 
or perhaps 2 or 3 miles in one job, and 
then move perhaps to a point 50 or 60 
miles away, where the next oiling is nec- 
essary. 
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WIDENING AND THICKENING 
CALIFORNIA STATE 
HIGHWAYS 


Morton, State 
Sacramento, 


By R. M. Highway Engineer, 


Calif. 
This timely article is 
number of ‘California 


(Editor’s note: 
from a recent 
Highways.’’) 

Reconstruction of already improved 
highways, since the enactment of special 
revenue measures in 1923, has, in Cali- 
fornia, assumed a position of high im- 
portance in the work of the State High- 
way Department. By legislative action 
at the 1923 session, the revenue available 
for maintenance and widening was dou- 
bled when the gasoline tax of 2 cts, per 
gal. and the normal registration fee were 
substituted for the former horse-power 
tax. 


The this year 
from these 
collections) 
The law re- 
expended for 


Highway Department 
will receive as its share 
sources (one-half the net 
considerably over $9,000,000. 
quires that this fund be 
maintenance, repairs, widening and re- 
construction of state highways. About 
60 per cent is available for major widen- 
ing and reconstruction. The remainder 
is necessary for general maintenance. 
(Maintenance funds will have to be in- 
creased somewhat next year when all 
traversable routes will come under state 
jurisdiction.) 

Several Plans Followed 


The Highway Department follows sev- 
eral plans in the widening and recon- 
struction of pavements. The type to be 
used on a specific project is chosen after 
a study of the physical features. Avail- 
ability of materials, condition and width 
of pavement, alignment, grades and soil 
conditions enter into the choice of type. 
The present and probable future traffic 
are considered in planning the width. 

Most of the original pavements built 
by the state are of Portland cement con- 
crete, 15 ft. in width and from 4 to 5 ins. 
in thickness. Many miles of county-built 
pavements of varying types and widths, 
generally of light construction, have been 
incorporated into the state’s system. 

Widening work includes’ concrete 
shoulders built flush with the existing 
pavement; raised concrete shoulders and 
asphalt concrete surfacing; asphalt con- 
crete shoulders and surfacing for the full 
width and second story concrete shoul- 
ders and resurfacing. In locations of 
light traffic and where suitable materials 
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are available, oiled macadam shoulders 
are sometimes built. 


Future Program is Large 


About 600 miles of state highway pave- 
ments have been already widened, of a 
total of about 2,400 miles. At least 1,500 
miles more will require widening as fast 
as funds are available. 

The original width of pavement con- 
structed from 5 to 15 years ago was 15 
ft. This width becomes overstressed 
with a traffic in excess of 1,000 vehicles 
per day. Corner breaks and settlement 
of the edges occur, and it is impossible 
to keep shoulders flush with the pave- 
ment. Our traffic counts indicate that a 
20-ft. pavement readily handles a traffic 
up to 6,000 vehicles per day, and is not 
overstressed until 10,000 vehicles per day 
is reached. When the traffic exceeds that 
amount, additional widening or a second 
road is considered necessary. Often, 
however, this heavier traffic occurs in 
suburban districts where the building of 
a full width street, with curbs and gut- 
ters, is required, and a large portion of 
the cost is defrayed by the adjacent prop- 
erty owners. The width generally 
adopted for the average pavement recon- 
struction is 20 ft. 

Where the existing pavement is in 
good condition, cement concrete should- 
ers 2% ft. wide and 7 ins, in thickness 
are placed at either side of the existing 
15-ft. slab. In preparing subbase for this 
type of widening, the soil is excavated 
for several inches beneath the edge of 
the existing pavement to form a joint and 
give added strength to the edge of the 
old pavement. Most work of this nature 
contemplates future surfacing over the 
entire width of the pavement. 


It is usually required that only one 
side of the highway be worked on at a 
time in order that there may be no in- 
terruption to traffic. During 1924 Cali- 
fornia completed about 26 miles of this 
type of widening at an average cost of 
$10,493 per mile. This also included the 
widening of grade from-21 ft. or 24 ft. to 
30 ft. and the extension of culverts. 


Combination Proves Successful 


A type of widening and thickening 
which has proven successful is a com- 
bination of concrete shoulders and as- 
phalt concrete wearing surface. The 
shoulder is iaid 7 or 8 ins. thick at either 
side of the existing concrete slab and 
raised about 3 ins. above it. An asphalt 
surface not less than 2 ins. in thickness 
is placed over the old pavement and ex- 
tends into an offset built into the new 
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concrete shoulder, thus making a perfect 
seal and water-tight joint. 


This type of surfacing and widening is 
placed where the existing concrete base 
is still in fairly good condition but where 
it may be predicted that the end of its 
economic life is fast approaching. About 
180 miles of concrete highways have been 
widened and thickened by this method at 
an average cost of $22,400 per mile. 


A variation of this type is the construc- 
tion of asphalt shoulders in stead of con- 
crete shoulders. Under this method a 
base 2% ft. wide and 4 to 5 ins. in thick- 
ness of asphalt concrete is placed at the 
side. This is followed with a leveling 
course of asphalt, and a wearing surface 
completes the job. The cost of this type 
of work on a typical project, which in- 
cludes rather heavy grading quantities 
and the lengthening of many drainage 
structures, was approximately $30,000 per 
mile. For the paving alone, the cost is 
usually little less than the cost of an in- 
stallation of concrete shoulders and as- 
phalt center. 


This plan has been successfully used 
on widening oiled macadam highways. 
The first step usually consists in placing 
a macadam foundation at the side of the 
existing oiled macadam highway ard per- 
mitting it to remain open to traffic over 
aseason. This is followed by the placing 
of a leveling course over the old pave- 
ment and the new shoulders, which is fol- 
lowed with a wearing surface of the same 
material. One typical project of this na- 
ture in 1924 cost about $24,000 per mile 
for an 81%4-mile section. 

Oiled macadam roads have been wid- 
ened, thickened and leveled with asphalt 
concrete in varying width. The thickness 
of the new surfacing usually varies from 
1% ins. to 3 ins. The aim of such work 
is to improve riding qualities of the sur- 
face and utilize the old base as a founda- 
tion. Such work will average $10,000 per 
mile in cost. 

“Second Story” Concrete 

The most costly type of reconstruction 
is the second story concrete. This con- 
sists of a slab of concrete usually 20 ft. 
in width placed on and overlappng the 
edges of the original 15-ft. pavement. For 
this work the standard thickness is a 
minimum of 5 ins, in the center, increas- 
ing to 7 ins. at the edge of the old slab 
and 9 ins. at the outside edge. Special 
attention is paid to the subbase under 
the overlapping edge of the new pave- 
ment, and the extensions beyond the 
edge of the old pavement are reinforced 
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with steel. Transverse and longitudinal 
joints are placed. 

This type of resurfacing is usually 
chosen where the old pavement is broken 
and in poor condition, having reached the 
end of its economic life. About 78 miles 
of this type of reconstruction have al- 
ready been installed at an average cost 
of about $31,720 per mile. including wid- 
ening the grade and lengthening drainage 
structures. 


Heavy Pavements Needed for Traffic 

California has widened state highways 
to widths of 20, 24, 27, 30, 40 and 56 ft. 
On one particular job a 24-ft. asphalt sur- 
face on a concrete base was widened to 
40 ft. by means of 8-ft. concrete shoulders 
on both sides, 8 ins. in thickness with 
10-in, edges. The old asphalt center was 
dressed up with a new asphalt concrete 
wearing surface. On this with highway 
separated into traffic lanes by the ap- 
pearance of the materials, the slow mov- 
ing commercial traffic tends to concen- 
trate on the shoulders at the end, leaving 
the center free for faster traffic. 

The most costly completed section of 
state highway reconstruction was com- 
pleted in 1924 near Los Angeles, with the 
co-operation of the county and an im- 
provement district. The old 20-ft. oiled 
macadam roadway was replaced with a 
street 56 ft. wide between curbs. A sub- 
‘ base of decomposed granite was first 
placed, then a 7-in. Portland cement con- 
crete base finished with a 2-in. asphalt 
concrete surfacing. This government 
cost approximately $150,000 per mile. 





HIGHWAY POLICE AND HIGHWAY 
SAFETY DEVICES 


By John A. MacDonald, State Highway 
Commissioner, Hartford, Conn. 

(Paper read at 1925 meeting of Amer- 
ican Association of State Highway Offi- 
cials.) 

Highway engineers have had many 
problems thrust upon them due to the in- 
creasing number and to the ever-increas- 
ing speed and weight of motor vehicles. 

As they increased in number and oper- 
ating speeds increased, there came a 
steady increase in highway accidents re- 
sulting in loss of life and damage to 
property to such an extent that the pub- 
lic generally, as well as the engineers, 
realized that the condition had to be 
relieved. 

To the engineer not yet provided with 
sufficient information relative to founda- 
tions and surfaces, nor with sufficient 
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means to provide a suitable number of 
lanes for highway transport, nor with suf- 
ficient information as to the limits of in- 
creases in speed and weight, came the 
responsibility of providing safety as well 
as strength; and, as is usually the case 
with public questions, the cheapest pos- 
sible method was resorted to—that of re- 
striction which increased the problem 
and delayed and increased the cost of 
solution. 

The various legislatures passed laws 
providing for a restricted use of the 
highway, a retstriction on speed; and re- 
stricted the various uses which had here- 
tofore been enjoyed. The engineer de- 
vised signs and schemes for the slowing 
down of traffic at the more dangerous lo- 
cations. 

Neither of these were effective for any 
length of time. The laws were ineffec- 
tive as passed, due to their lack of en- 
forcement. The signs served their pur- 
pose for a short time, but readily created 
congestion and accidents. 

To correct one of these conditions, 
highway police and patrols were provided 
to enforce the various rules as laid 
down. To correct the other, many safety 
devices were provided. 

It is not my intention to devote any 
time to the question of the necessity for 
highway police, as I come from one of 
the New England states where it is a fore- 
gone conclusion that a law is only as 
good as its enforcement. These organi- 
zations will come either by the creation 
of a new force or the expanding of an 
old one when a persistent demand is 
made by the public for enforcement 
against the willful offender. Nor is it 
my intention to devote any time to the 
method of organization, as this is a mat- 
ter which naturally must be handled by 
each political sub-division in its own way, 
due to the many local policies and con- 
ditions, and will, no doubt, take the usual 
form of all legislation progressing 
through its various stages. 

It is impossible to organize a force of 
this kind perfect, but by progressive leg- 
islature, it may approximate that condi- 
tion. 


However, after having passed through 
the organization of one highway patrol 
and being intimately connected with the 
reorganization of a police department, 
and having an opportunity to study each 
in actual operation, then seeing both 
combined, and having an opportunity to 
study the results—and considering the 
type of work specifically laid out for any 
highway police organization—it is my 
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opinion that it should be entirely sepa- 
rate from the enforcement of or the work 
connected with any other police matters. 


Duties of Highway Patrol 


The minimum duties of any highway 
patrol should be: 

1. The examination of operators for 
licenses, and the examination of the 
safety features of the vehicles them- 
selves. 

2. The prevention of damage or un- 
warranted use of the highway. 

3. Enforcement of the motor vehicle 
laws or code. 

4. Supervision of the 
traffic. 

5. The prevention 
of accidents. 

It is very important that officers con- 
nected with organizations which have to 
do with highway traffic be educated to an 
entirely different viewpoint from the or- 
dinary policeman, and should become 
specialists along the lines of their re- 
spective duties, as they deal not with the 
ordinary criminal class as a rule but with 
an entirely different class of people and 
for an entirely different purpose. No 
matter how reasonable such a force may 
be in its enforcement, it cannot help but 
produce an actual revenue in excess of 
expenditure. It is not to be assumed by 
this that at any time will there be suf- 
ficient means provided which will enable 
highway police to cover every point 
where their presence seems necessary. 
Consequently, the foundation of any high- 
way police patrol must be an information 
and statistical bureau to produce the re- 
quired statistics and the information as 
to where they should concentrate their 
efforts. 

The only scheme yet devised that I 
know of requires each accident upon the 
highway to be reported to a central 
agency, there to be analyzed as to cause 
and locality, and the information thus 
obtained presented back in simple form 
to the officer for his guidance. 


movement of 


and investigation 


In addition to this, it is necessary that 
he know accurately the kind, the density, 
the peak lead, ete., of traffic on the high- 
ways to properly guage his information, 
and a traffic census is as important to 
him almost as it is to the highway de- 


signer. A traffic census gives an officer 
the weight to measure his statistics and 
shows his relative conditions and where 
his presence is needed most. With this 
fundamental knowledge, his every move- 
ment is towards the prevention of acci- 
dents without the loss of efficiency, and 
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what he lacks in numbers is made up by 
his efficiency. 

The efficiency of any organization of 
this kind is not to be assumed as is the 
ordinary police department by the num- 
ber of arrests it makes or the number of 
convictions it assures, or by the amount 
of revenue it produces, but by the reduc- 
tion in the number of accidents and the 
condition of the traffic which it directs. 

It must study the causes of accidents, 
and if the cause is one for education, 
propaganda and orders must be sent 
forth. If it is one for enforcement, the 
proper orders must be issued, and a uni- 
form enforcement policy immediately in- 
stituted. 

A force of this kind should be directed 
principally against the worst condition 
until it is eradicated or corrected, gradu- 
ally stepping down the ladder until a dis- 
tinct improvement in accidents and traf- 
fic is noticed. 

tnforcement must always be standard 
and not spasmodic. The public must ne- 
cessarily be taught and constantly re- 
minded that at certain places they can do 
certain things with safety, and at certain 
other places, it is impossible. 

This force must be properly equipped 
and the personnel adequate. By this, I 
do not mean numbers, but intelligence. 
Above all things, it must have the confi- 
dence of the public and the support of the 
courts behind it. To gain public confi- 
dence and the support of the courts, its 
enforcement must be reasonable, equal 
against every person and just. Its officers 
must be gentlemen, hard-working, sober, 
industrious, helpful and fair. It must 
operate within a reasonable expenditure 
of money, and it must uphold the dignity 
of the political sub-division that it repre- 
sents. 

Now, often times, due to conditions, an 
officer is not necessary at all times, so we 
avail ourselves of his substitute—the 
highway safety device, and, in so far as I 
am able to define it, it is a device which 
will either give direction or warning to 
pedestrians or traffic—which definition 
would include reflectors, warning signs, 
guard rails, beacons, fences, light houses, 
silent policemen, lights, buttons, symbols 
on pavements, ete., and so on. There are 
many forms and kinds, and I believe that 
you are as familiar with them as I am. It 
is with their use and misuse principally 
that I am concerned. 

The time probably will never cdme 
when we will have a sufficient number of 
lanes for traffic so that a certain amount 
of restriction will not be necessary to 
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properly regulate and move traffic, and 
we will necessarily have to depend on 
some devices, but no safety device should 
ever be used that has for its objective the 
slowing down of traffic. 

It is impossible now for us to build high- 
ways fast enough to even keep abreast 
of the motor vehicles that are being put 
into use, and if we are to make our 
highways adequate to carry the traffic, we 
must raise the efficiency of the highway, 
and the only way that I see that this can 
be done is to increase the speed on the 
highways, bearing in mind at the same 
time that the accident rate must not in- 
crease but decrease. 

Many of us find ourselves maintaining 
roads (I am not going to call them high- 
ways) on locations of old Indian trails, 
winding in and out through hills and 
valleys, as the Indians walked, and some- 
times I am inclined to think staggered in- 
stead of walked. Even these highways 
might be used with safety if the driver of 
a vehicle would operate his vehicle in 
such a manner as to be capable of stop- 
ping it within the range of his vision, but 
the average motorist is rather indifferent 
to safety and demands convenience with 
or without safety, and convenience to him 
means not congestion but speed. 

This rule would, no doubt, be impos: 
sible of enforcement for the reason that 
it would immediately create congestion 
following its introduction, and so we pro- 
ceed to place what we are pleased to call 
warnings at these dangerous locations for 
his safety. 

It has always been a question in my 
mind whether the net result of any safety 
device is not only to increase the speed. 
I know from experience that we gain 
little on the safety side of traffic by im- 
proving the sight line, as the speed gen- 
erally increases to such an extent as to 
nullify the additional sight line. 

Any highway safety device has for its 
purpose to give the driver of a motor ve- 
hicle a picture of what he is to encounter 
ahead of him so that his speed will not be 
checked and too much strain will not be 
put upon his attention, and the picture 
that you desire him to get may or may 
not photograph on his mind correctly and 
so allow him correctly to judge his posi- 
tion. If your device happens to be good 


enough to attract his attention sufficient- 
ly, he goes on his way; if not, unless he is 
lueky—especially if two or three other 
conditions are present—an accident. 
Many men have many minds, and one 
driver in Ohio getting the proper picture 
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from the Ohio standard may take a notion 
to drive into Virginia and not receive 
from the Virginia standard the proper pic- 
ture, so that if we can have one standard, 
it will help. 

Up until the present time many systems 
of warning signs have been used without 
regard for uniformity. Recently, a Board 
appointed by the Secretary of Agriculture 
has put forth a very complete, common 
sense and simple system of uniform signs 
which I understand is to be adopted on 
all Federal Aid Roads. It would seem a 
great step in the future if these signs 
could be adopted for all highways, 
whether Federal, State, County or Town- 
ship, so that a uniform system of high- 
way markings might be thus obtained; 
and, after the uniform system, if we 
could find some way to have a uniformity 
of minds to register on, the problem 
would seem solved. 

There is also a standard for colors pro- 
posed by the Sectional Committee of the 
American Engineering Standards Society 
which, while probably not perfect, should 
be used in so far as possible. 

Up to the present, apparently not 
enough attention has been paid to the 
placement of devices. Some are very ef 
ficient in fine weather or in the daylight 
but very poorly placed after dark. It 
would seem that each should be located at 
a time when conditions were worst. 

It is very important that devices be uni- 
formly placed along the road so that oper- 
ators of motor vehicles will know where 
to expect to find them. It is also impor- 
tant, due to the development of motor 
vehicle headlights, that signs be low 
enough so as to come within the rays of 
head-lights at night, and good practice 
would recommend that all direction and 
warning signs be located at night with 
automobile head-lamps for guides and if 
possible in stormy weather. 

During fair weather and when the high- 
way is clean, and when the headlights are 
properly focused, symbols painted upon 
the pavements have been very efficient; 
but if there is snow or ice on the high- 
way, or the highway is dirty or a tempo- 
rary type of pavement is used, these signs 
are of no value, and in many places they 
have become so numerous that the pub- 
lic has generally ignored them. 

The Most Severe Test 

The worst possible condition I can 
think of is the motor vehicle operator who 
cannot read, is color blind and is operat- 
ing a car against glaring headlights on a 
strange road after dark and in a snow 
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storm. That is my test for a good device; 
and if it can give the operator of the ve- 
hicle the proper information at that time, 
then I would not hesitate to use it. 

Too many devices destroy the value of 
important devices, and the tendencey has 
always been to place more warning de- 
vices than are necessary, and fewer di- 
rectional. 

The grade crossing has been one of the 
points that has attracted many inventors 
and originators of safety devices. In so 
far as I know, no one system or any com- 
bination of them has been effective as 
yet. To my mind, they all have for their 
objective the closing down or stopping of 
traffic which is again the old restricfive 
idea. 

Most of the devices which I have no- 
ticed at grade-crossings call for a stop. 
It would seem to me that a cautionary 
sign at this point would serve the purpose 
as well and still allow the operator of the 
vehicle to use his own judgment. 

Any highway safety device should be 
positive at all times. It should say exact- 
ly what is to be insisted upon—no more 
and no less. Devices which do not follow 
this rule and which say what they do not 
mean really cheapen the effect of other 
necessary devices. 

To my mind, elimination is the only 
safety device which apparently is effective 
at grade crossings. It will, of course, 
never be possible to eliminate all the dan- 
gerous conditions, but when it is realized 
that within the next 30 years, we must 
expect three and one-half times the pres- 
ent day traffic, it would seem that we 
should hesitate in the matter of placing 
highway safety devices and realize that 
the fewer of these that we use, the easier 
our future problems will be to solve. 

If we do not shortly begin to relocate 
some of our present day highways, built 
years ago principally for horse-drawn 
traffic, and to remove some of the safety 
devices that we are now using and make 
the highways really safe without their 
use, we are going to find ourselves in the 
same position that the cities and towns 
are finding themselves in regard to the 
parking situation. Every effort should be 
used within, of course, the theory of econ- 
omy, to eliminate every possible warning 
or safety device. 

Highway engineers must carefully 
study their locations and relocations with 
an idea of creating, as traffic increases, 
as few dangerous conditions as possible, 
so as to decrease the use of such devices, 
for as we increase and improve the sui- 
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faces, we can expect a greater rate of 
speed which will be productive of more 
accidents unless we do. 

The indifference of the general motor- 
ing public to safety seems to be the rea- 
son why many of these devices are in use. 
I see no reason at all for the use of the 
white line on curves or at the top of a 
hill. This white line, no doubt, increases 
our maintenance cost on some highways 
more than it benefits traffic, because it 
keeps the traffic in a rut. If there is a 
motor vehicle operator at the present time 
who is not educated up to the fact that he 
should drive on the righf-hand side of the 
road at a curve or on a hill, and should 
not pass vehicles where the sight line is 
obstructed, then it seems to us that his 
education has been sadly neglected, and 
the most effectual safety device for him 
is ten days in jail. 

Many safety devices are used not with 
the idea of prevention of accidents, but so 
that the responsibility for the accidents 
may be placed after the accident. The 
white line painted on pavements is much 
over-worked for this purpose. 

To me, signs used for the purpose of 
giving directions as to the allowable 
speeds are faulty for they encourage a 
speed which may be unwarranted by the 
traffic conditions, by the limitations of an 
operator, by the limitations of the vehicle 
and the highway. They seem to set up a 
standard for operation which all drivers 
cannot meet. 

The purpose of any device should be to 
move traffic and not retard it, and it has 
always seemed to me a short-sighted pol- 
icy to place a device at an inconvenient 
point in the highway so traffic will neces- 
sarily have to slow down to make the 
movement, creating bottle necks, as if you 
have studied traffic, you know that traffic 
will do the thing which is most conven- 
ient whether or not it is safe; and the in- 
convenient sign is only effective when an 
officer is watching it. 

Devices containing advertisements are 
little more than useless. Personally, I 
have always felt that the so-called light 
houses, flashing beacons, silent policemen 
and other devices of the same type within 
the traveled path were a detriment to safe 
traffic direction and cause more traffic ac- 
cidents than they prevent. I know all 
that is claimed for them, but I have al- 
ways failed to see the wisdom of spend- 
ing thousands of dollars for the elimina- 
tion of dangerous locations and then plac- 
ing an obstruction within the traveled 
path. It has been my experience that with 
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care and study some other method might 
be devised which would eliminate the ne- 
cessity for them. 


It is realized that much of this paper 
has been my own personal opinion, but 
that opinion has only been formed after 
careful study and experiment both with 
light and congested traffic, on state hign- 
ways only. 

Any part of this paper is not intended 
to apply to the city problem, as to my 
mind those problems are entirely differ- 
ent. 

I also realize that the subjects of this 
paper may be debatable, depending upon 
the section of country you use as your 
laboratory, but the principle to be used 
in the placement of any safety device 
cannot, I believe, be questioned, and that 
principle is that the device must not re- 
strict traffic farther, but grant it addi- 
tional safety, speed and convenience. The 
use of the highway police or highway 
safety devices should never violate that 
principle. 





VARYING QUANTITY OF CEMENT 
IN PLAIN AND REINFORCED 
CONCRETE 


(Editor’s Note: The following address 
was delivered before the Institution of 
Civil Engineers on Nov. 11, 1925, in Eng- 
land, by Sir E. Owen Williams.) 

It is a familiar experience to all of us 
to discover in the middle of a design or 
when construction is far advanced that 
conditions which fundamentally affect the 
work have changed, disappeared, or even 
proved never to have existed. Our mental 
laziness, perhaps sub-conscious, tempts us 
to leave the work, even if we modify it, 
still bearing the impression of these con- 
ditions. If we fall to this temptation the 
result will be unatisfying. A satisfying 
work is one which satisfies only real con- 
ditions. It makes the difference between 
the masterpiece and mediocrity. Thus the 
result of improperly treated changed con- 
ditions is, in practical work, tantamount 
to failure. 


The first use of concrete was in mass, 
and, as that word signifies, weight was in- 
trinsically valuable. The thickness of a 


retaining wall could be no less, whatever 
the quality of the concrete; hence engi- 
neers came to understand that the neces- 
sary amount of cement in mass concrete 
was only such as would prevent the con- 
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crete returning to original ballast. In 
this connection experimental work was 
devoted to determining mixes of ballast 
and sand demanding the least amount of 
cement. 


Reinforced concrete arrives, and no 
longer is the weight of concrete of any 
value; indeed, it becomes a burden to be 
reduced. New values come into promi- 
nence. Compressive strength, adhesion to 
steel, water-tightness become of primary 
importance. Increased values in any of 
these enable a reduction of sizes, and are, 
therefore, much to be desired. This is 
a different view-point of concrete. In one 
case it is a question of determining the 
least amount of cement for a given and 
fixed mass of concrete; the other is a case 
of getting the maximum compressive 
strength, adhesion to steel, and maximum 
water-tightness, with the least weight of 
concrete. 


Influence of Percentage of Cement 


Some years ago I made a series of ex- 
periments to determine the influence of 
the percentage of cement on these quali- 
ties of concrete, assuming equal care in 
grading of aggregates for all mixtures. 
From the results of my experiments, 
which were considerable, I came to the 
conclusion that all properties of concrete 
varied directly with the percentage of ce- 
ment in the finished concrete. For ex- 
ample, a 4:2:1 concrete has approximately 
510 lbs. of cement per yd. cube of con- 
crete, whereas in a 2:1:1 concrete the ce- 
ment weight is 860 lb. per yd. cube, and if 
it were reasonable to take 510 Ib. per 
sq. inch compression on a 4:2:1 concrete, 
experiment showed that it would be equal- 
ly reasonable to take 860 1b. compression 
on a 2:1:1 concrete. 

The significance of this is that in a 
column of any size, within limits, a ton 
of cement will give the same bearing ca- 
pacity whatever the size of column. Thus, 
there is no ineconomy in rich mixtures— 
in fact, there is the reverse. Using the 
higher percentage of cement paradoxically 
results in no increase in the quantity of 
cement, but it reduces the quantities of 
aggregates, moulds and weight. Adhesion 
to the steel is increased—a most desirable 
result, as it is this adhesion that ulti- 
mately determines the strength of the 
structure. Also, whereas a 4:2:1 mixture 
is seldom watertight, a 2:1:1 concrete is 
seldom not water-tight, resulting in in- 
creased permanence of construction, be- 
cause of less risk of steel corrosion. 

Indeed, the cement in reinforced con- 
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crete may be likened to the reinforcement. 
The reinforcement is calculated by itself, 
and results in so many tons. The cement 
could also be calculated in so many tons, 
and then you would only have to make up 
your mind what bulkage you have to add 
in the way of ballast and sand to make 
the size of members practicable. 


Two View-Points 

In brief, mass concrete must contain 
a predetermined and fixed weight of ag- 
gregates with as little as possible of ce- 
ment, whereas reinforced concrete must 
contain a predetermined and fixed weight 
of cement with as little as possible of 
aggregates. Two entirely different view- 
points of concrete. 

I am afraid that 
structures built in 


in the majority of 
reinforced concrete, 
the concrete has very hesitatingly and 
timidly been made a little better than 
mass concrete, being fallaciously regarded 
from the same standpoint, i. e., from the 
standpoint of saving cement, whereas in 
reinforced concrete it is a case of saving 
ballast and sand, the cement being a fixed 
tonnage. 

It will be asked where should this in- 
creased percentage of cement end? Why 
not use cement only? The answer is that 
the practicable sizes of members demand 
a greater volume than would be economi- 
cally supplied by the calculated weight of 
cement, and to produce these sizes ballast 
and sand are necessary, although it is 
quite possible that in certain structures, 
where loads are considerable, the amount 
of ballast and sand would be very small. 

I have prepared the following table 
showing relative costs of slabs to carry 
the same load on the same span and col- 
umns carrying the same load: 


Relative cost 


Slabs Per cent. 
fo ke Ch, eee 100 
5% in. slab in 3:1%:1 ..........- 97 
co 2 a 6k + by ees 97 


All carrying same super load on same 
span. 
Relative cost 


Columns Per Cent 
12 in. columns 4:2:1 ..... eihictaoioas 100 
10-72 in. columns 3:1%:1 ........ 88 
9-5 in. columns 2:1:1 ............. ; 76 


(In the second table each of the col- 
umns carries same load, neglecting re- 
duction of weight by use of less concrete 
in floors and slabs, and the table is based 
upon reasonable allowable stresses. Both 
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tables show the distinct advantage of the 
better concrete. ) 


I have found that in actual work the 
practicable sizes of beams and slabs de- 
mand a concrete somewhere between 3: 
1%:1 and 2:1:1 mixtures. In practical 
manipulation there is no comparison be- 
tween the richer mixes and the poorer. 
For example, in the 4:2:1 mixture 10 
per cent too much water removes 20 per 
cent of its strength, whereas in the richer 
mixture of 2:1:1 10 per cent too much 
water only removes 10 per cent of 
strength. Further, in the richer mixture, 
because of the increased percentage of ce- 
ment acting as a lubricant, there is not 
the same temptation to use an excess of 
water. The result of this, as practical 
experience has shown, is far greater uni- 
formity of concrete in the case of the 
richer mixtures. 

I find 4:2:1 mixture almost universally 
used, and I can only think that this is 
due to an inappreciation of the changed 
conditions from mass concrete to rein- 
forced concrete, i. e.. a fallacy has been 
born and is being perpetuated. 





COURT DECISIONS AFFECTING 
CHLORINATION 


U. S. District Judge D. J. Campbell of 
the Eastern District of New York, handed 
down his decision on November 10th in 
the suit of the Electric Bleaching Gas 
Company and Wallace and Tiernan Com- 
pany against the Paradon Engineering 
Company for infringement of the Ornstein 
Patent U. S. No. 1,142,361 which covers 
the Solution Feed Process of Chlorination 
of water and sewage. Judge Campbell 
found that the Patent was valid; that the 
apparatus of the defendant infringed the 
Patent and that the Patent was infringed 
knowingly, two of the officers of the de- 
fendants, being former employees of the 
Wallace and Tiernan Company. The Elec- 
tro Bleaching Gas Company is the owner 
of the patent and that company prose- 
cuted the suit, making the sole licensee 
Wallace and Tiernan Company a plaintiff 
with it. The court in its decision re- 
views all of the citations of the prior art 
set up by the defendant and finds that 
none of them anticipated the Ornstein 
solution process. The court orders the 
unusual decree including an injunction 
and a reference to determine the profits 
of the defendant and damages of the plain- 
tiffs. 





